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Abstract 
Cream cheese is a fresh cheese traditionally made from milk and cream through acidification using rennet 
and mesophilic starter culture with high fat content >25% in the resulting product. It has a soft, creamy, 
smooth and spreadable texture with a slightly acidic taste and mainly used as spread or ingredient of 
cheesecake. However, the risks associated with high fat intake has led to an increased demand for low-
fat cream cheese. Reducing the fat content incorporates textural and sensory defects that significantly 
impact consumer acceptability; therefore, this project aimed to develop functional cream cheese with 
low-fat content that is sensorially acceptable. The primary focus of this work was to investigate the effect 
of fat and fat replacer (β-glucan and phytosterols) on the microstructure, texture, flow, lubrication, 
flavour profiles and oral perception of cream cheese. Phytosterols (emulsified and esterified) and β-
glucan were selected as fat replacers to alter the function of fat in cream cheese structure, also keeping 
in view of their health benefits. Further, probiotic Lactobacillus rhamnosus was also incorporated to 
improve the flavour and functionality of low-fat cream cheese.   
 
The confocal micrographs presented the structure of cream cheese as casein network with fat globules 
interspersed in between the casein that prevented casein aggregation. Reduced-fat cream cheese (0.5% 
fat) exhibited fewer fat globules and a denser structure compared to their high-fat (11.6% fat) 
counterparts due to the stronger electrostatic and hydrogen bonding between casein molecules that made 
the cream cheese network more elastic, firm, sticky, less spreadable with low lubrication properties. To 
modify the dense protein structure of the reduced-fat cream cheese, different homogenisation pressures 
(0, 25, 100 MPa) and mixing speeds (750, 1500, 3000 rpm for 2 and 4 minutes) were applied to the milk 
and cream cheese curd, respectively. Compared to unhomogenised milk (0 MPa), increased 
homogenisation pressure (100 MPa) created smaller fat globule size that were distributed evenly in the 
casein matrix. This led to a firm texture and more viscous cream cheese due to collision and re-
aggregation of small fat globules with casein. However, increasing the speed and mixing times (3000 
rpm for 4 minutes) further reduced the curd particle size that improved spreadability and lubrication 
properties of the cream cheese. Thus, high-speed mixing of cream cheese curd from unhomogenised milk 
produced reduced-fat cream cheese (5.5% fat), with textural quality identical to high-fat cream cheese.     
 
Fat has a major role to play, providing cream cheese its characteristic smoothness and creaminess. 
Phytosterols and β-glucan are potential fat replacers in low-fat products such as cream cheese due to the 
ability of β-glucan to bind water and the similar structure of phytosterols to animal fat. But their 
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application in cream cheese has not been reported and hence investigated in this study. It was found that 
both β-glucan and phytosterols improved the lubrication properties and spreadability of cream cheese. 
The effect of β-glucan was more pronounced imparting increased viscosity and firmness. The 
microstructure images showed a more open structure of cream cheese fortified with β-glucan and 
phytosterols because of their ability to break the casein-casein interactions and softening its texture.  
 
The instrumental measurements were followed by dynamic oral perception of functional cream cheese 
by a trained sensory panel using TDS (temporal dominance sensation) tool that provides information 
about the sequence of the dominant attributes in a product when processed in the oral cavity and their 
subsequent changes over time. The TDS data obtained from the trained sensory panel showed that the 
first dominant attribute depends on the ingredient that make-up the cream cheese. Cohesiveness, 
thickness, and smoothness were the first dominant attributes while mouth coating significantly dominated 
at the end of mastication for all reduced-fat cream cheese with functional ingredients. However, in 
reduced-fat cream cheese without fat replacers mouth coating was the only significant dominant attribute 
(dominance rate of 40%) throughout the oral processing while in high-fat cream cheese, creaminess was 
the most dominant attribute (dominance rate of 70%). The addition of fat replacers significantly increased 
the firmness (1.85N to1.99N) and reduced the spreadability (13.77 N/s to 14.79 N/s) that were similar to 
the results obtained from the trained panel. Rheology/tribology data also correlated well with the 
thickness/creaminess sensations.  
 
The functionality of the reduced-fat cream cheese enriched with β glucan and phytosterols was further 
improved by incorporating probiotics. The reduction in the number of viable L. rhamnosus (non-
encapsulated and alginate-bead encapsulated) was significantly less in cream cheese samples containing 
β-glucan and phytosterol emulsion through the 35 days of refrigerated storage,  suggesting their ability 
in maintaining the viable cell count. Further, probiotic bacteria increased the diacetyl compounds (buttery 
flavour) which are desirable, and these effects were more prominent in non-encapsulated L. rhamnosus. 
Reduced-fat cream cheese added with phytosterols was dominated by fatty acid compounds, while 
aldehydes and ketones were responsible for the development of cream cheese flavour containing 
phytosterols emulsions.  
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Chapter 1.  
 
Introduction 
 
1.1.  Background  
Cream cheese is one of the most popular ranges of soft cheese products in North America and Europe 
(mostly in U.K., Germany, and France) where it is used as a spread or cheesecake filling or in other 
dessert products (Phadungath, 2005). In 2013/2014, Australia produced 311,460 tons of cheese with more 
than 50% of the total being cheddar cheese. In the last 3 years, other types of cheese have cropped up 
like cream cheese that contributes to almost 50% of total cheese production in Australia (Dairy-Australia, 
2013). Categorized as acid coagulated fresh cheese, cream cheese is made by acid coagulation using 
mesophilic starter culture and also rennet and usually consumed fresh after manufacture. It is 
characterised as a soft, mild, rich, un-ripened cheese and has a near white through to light yellow color 
with creamy, spreadable texture and smooth consistency (Codex Standard). The mildly acidic flavour in 
cream cheese mostly derived from starter culture metabolisms, such as Lactococcus and Leusonostoc, 
that produce diacetyl compound from lactic acid fermentation (Phadungath, 2005; Sainani, Vyas, & 
Tong, 2004) and from biochemical reactions of fat and protein (Jeon, Lee, Ganesan, & Kwak, 2012). 
Based on the regulations in Australia and the United States, cream cheese should contain moisture 55%, 
fat in the range of 31.9% - 33% and protein 8.2% (FSANZ, 2014). 
 
Despite the importance of fat in cream cheese texture and flavour, higher fat content will lead to a higher 
amount of cholesterol and potentially produce saturated fat that is believed to be the main cause of several 
chronic diseases such as obesity, cardiovascular diseases, and cancer (Lim, Inglett, & Lee, 2010). 
Nowadays, food product development trend has changed to functional foods, especially low-fat products, 
as consumers become increasingly health conscious. The current scene throughout the world for 
functional food is growing with dairy products having the largest market share, about $70 billion per 
year. The market growth of functional product has increased considerably from 2003 with $24.2 billion 
USD in 2010. Global product sales of functional food, supplement, and others were about 180 billion US 
dollars. Globally Australia is the 4th largest in the healthy food market with a 34.2% growth in market 
share in 2014 (Leatherhead-Food-Research, 2014). Low-fat cream cheese, in particular, commands a 
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market presence with many brands flooding the market. Reducing the fat content in cream cheese will, 
however change the texture and sensory characteristics.  
 
Cream cheese texture is influenced by processing conditions, such as temperature, pH, homogenisation 
pressure, salt concentration (Coutouly, Riaublanc, Axelos, & Gaucher, 2014; Janhoj, Frost, Prinz, & 
Ipsen, 2009) and basic composition, mainly moisture, fat content, and protein content (Bayarri, 
Carbonell, & Costell, 2012; Janhoj et al., 2009). All these variables can influence the cream cheese 
texture thereby modifying its sensory properties. Developing high-quality low-fat cream cheese that 
satisfies consumer expectations and proper end-use functionality (spread, filling, etc.) is important 
(Brown, 2002). There has been some studies on cream cheese related to reformulating and modifying the 
process to improve cream cheese texture, with very little focus on low-fat cream cheese. As per the 
USDA (1994) standard - cream cheese texture should be smooth and not cracking or wheying off; should 
be spreadable at room temperature and should be of medium firmness at 7.2°C. Sainani et al. (2004) 
suggest that an undesirable textural defect can occur in full-fat cream cheese as a grainy mouthfeel 
because of the particles in cream cheese. Most research on cream cheese were focused on product 
development, with few studies providing information on low-fat cream cheese (Almena-Aliste, Gigante, 
& Kindstedt, 2006; Breidinger & Steffe, 2001; Brighenti, 2009; Coutouly et al., 2014; Monteiro, Tavares, 
Kindstedt, & Gigante, 2009; Zulkurnain, Goh, Karim, & Liong, 2008). 
 
A fat-free cream cheese studied by Phadungath (2005) and Brighenti (2009) showed that there are 
different process steps involved in making fat-free cream cheese compared to full- fat and Neufchatel 
cheese that result in cream cheese with very different textural, rheological, and sensory attributes. 
Increasing the pH resulted in softer cream cheese and more flowable in melting due to the changes in 
protein-to-water interactions (Almena-Aliste & Kindstedt, 2005; Monteiro, Tavares, Kindstedt, & 
Gigante, 2009). Moreover, rheological profiles during the heating and cooling steps are very different 
for full-fat, Neufchatel and fat-free cream cheese as observed by Brighenti, Govindasamy-Lucey, Lim, 
Nelson, and Lucey (2008). Cream cheese made from ultrasonicated milk (50W for 30 mins) have a 
smaller fat globule size thus modify the spreadability and viscoelastic properties of cream cheese 
(Almanza-Rubio, Gutiérrez-Méndez, Leal-Ramos, Sepulveda, & Salmeron, 2016). This new technology 
provide an alternative way to improve the texture of cream cheese. In addition, according to Brighenti, 
Govindasamy-Lucey, Jaeggi, Johnson, and Lucey (2018), critical parameters that affect the gel formation 
in cream cheese are homogenisation pressure and fermentation temperature. Combination of high 
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homogenisation pressure of milk and high fermentation temperature resulted in cream cheese with softer, 
stickier, less cohesive, easy to dissolve and more spreadable than in low fermentation temperature. This 
has brought to an intention that by increasing the homogenisation pressure the amount of casein to create 
a crosslink network is insufficient due to the increased amount of casein absorbed at the interface. In 
contrast, different result were obtained by Coutouly, Riaublanc, Axelos, and Gaucher (2014) with a 
firmer cream cheese as a result from increasing the homogenisation pressure. Therefore, further study 
need to be undertaken especially related to the whey protein denaturation, casein micelle dissociation, 
fat globule size and their relations with structural, rheological, and sensory characteristics of cream 
cheese. Moreover, researcher has now been trying to improve the texture of low-fat/fat-free cream cheese 
by modifying the process or adding a fat replacer.  
 
Fat replacer as the name indicates substitute the fat content in low-fat/ fat-free food product. It can be 
protein based or carbohydrate-based fat replacer. β-glucan, a carbohydrate-based fat replacer, has the 
potential to be used as a fat substitute due to its high viscosity, water binding, foaming and emulsion 
stabilizing capabilities (Burkus & Temelli, 2000; Kontogiorgos, Biliaderis, Kiosseoglou, & Doxastakis, 
2004). β-glucan is a β-D-glucose polysaccharides which is naturally found in the cell walls of cereals 
such as barley and oat. It is a hydrocolloid which can be used to modify the rheology of the products.  
Some research has focused on the incorporation of soluble dietary fibers in dairy products, such as the 
use of β-glucan, guar gum and inulin in yoghurt production (Brennan & Tudorica, 2008; Guggisberg, 
Cuthbert-Steven, Piccinali, Bütikofer, & Eberhard, 2009) and cheese (Hennelly, Dunne, O’Sullivan, & 
O’Riordan, 2006; Konuklar, Inglett, Warner, & Carriere, 2004; Sahan, Yasar, Hayaloglu, Karaca, & 
Kaya, 2008; Tudorica, Jones, Kuri, & Brennan, 2004). The ability of β-glucan to form a viscous solution 
in intestinal gut provides beneficial effects. Laroche and Michaud (2007) and Lazaridou and Biliaderis 
(2007) mentioned that the viscous nature of β-glucan physically reduced carbohydrate absorption from 
the gut and thus lowers blood glucose and cholesterol levels. During the last decade, many studies have 
focused on identifying the effectiveness of β-glucan in diets to reduce cholesterol levels (Laroche & 
Michaud, 2007) and reduce postprandial blood glucose levels (Cavallero, Empilli, Brighenti, & Stanca, 
2002; Wood, 2007). 
 
Likewise, plant sterols are interesting as a functional ingredient for the production of healthy food due to 
their ability to lower the blood cholesterol level in humans. Plant sterols are lipid molecules which have 
a similar chemical structure to cholesterol and are found in vegetable oils. Plant sterols lower serum 
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cholesterol by inhibiting the absorption of dairy cholesterol in the small intestine and the principal 
mechanism is the competition between dairy cholesterol and plant sterols to bind with bile salts (Kwak, 
Ahn, & Ahn, 2005). It has been studied to be used in margarine and butter-spread (Moreau, Whitaker, & 
Hicks, 2002), chocolate (Botelho et al., 2014) and fermented milk (Monu, Blank, Holley, & Zawistowski, 
2008; Semeniuc et al., 2016; Vaghini, Cilla, Garcia-Llatas, & Lagarda, 2016), but not many information 
is available about its application in cream cheese. Giri, Kanawjia, & Rajoria (2014) have investigated the 
effect of adding a different level of phytosterols on the textural and melting characteristics of cheese 
spread. It was found that firmness increased, whereas the adhesiveness decreased as the levels of 
phytosterols addition were increased up to 4% due to weak gel formation as a result of insoluble 
phytosterols addition. The European Scientific Committee on Food (SCF) declared a precautionary 
intake limit of 3 g plant sterols/day from multiple dietary sources. Many researches have been conducted 
into understanding the efficacy of β-glucan and plant sterols in reducing cholesterol levels in the blood 
(El Khoury, Cuda, Luhovyy, & Anderson, 2012; Kwak et al., 2005).  
 
β-glucan and plant sterols have the potential to be used as fat replacers in low-fat cream cheese and 
additionally serve as functional ingredients. However, there is limited information about the use of β-
glucan and plant sterols in dairy products and no research was undertaken to incorporate these two 
ingredients in low-fat cream cheese. In order to add to the health benefits and improve the flavour of 
low-fat cream cheese, probiotic bacteria Lactobacillus rhamnosus were added in the formulation. L. 
rhamnosus is one of the probiotic bacteria that produce flavour compounds like diacetyl and acetoin 
(Jyoti, Suresh, & Venkatesh, 2003) that contributes to buttery flavour in cream cheese. To ensure health 
benefits to the consumers, cream cheese should contain minimum 107 CFU/g of the live probiotic cell 
(Corona-Hernandez et al., 2013). Compared to other fermented dairy products, cream cheese seems to 
be ideally suited as a carrier for probiotic, especially in combination with prebiotic ingredients. The 
physical and chemical characteristics of cream cheese such as pH value, high moisture and fat content 
promote the viability of probiotics in the product. L. acidophilus as probiotic has been incorporated in 
cream cheese with the addition of inulin as prebiotic. Their viability during refrigerated storage has been 
reported by Alves et al. (2013) and Santini et al (2012) up to 21 days. However, only a few researchers 
have reported on symbiotic cream cheese. 
   
Microencapsulation technique is of great interest since it allows a wider application of probiotics in the 
food market, especially fresh products. The protection of the probiotic bacteria could enhance their 
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survivability when exposed to extreme conditions such as low pH, high salinity, and low water activity 
(Cheow & Hadinoto, 2013). Previous studies have shown that L. rhamnosus in cheddar cheese remained 
viable at the level 107 CFU/g after 32 weeks of storage (Phillips, Kailasapathy, & Tran, 2006), but with 
encapsulation exhibited less reduction after storage (Sohail, Turner, Coombes, Bostrom, & Bhandari, 
2011). No research has investigated the viability of L.rhamnosus in both non-encapsulated and 
encapsulated forms in reduced-fat cream cheese containing prebiotic (β-glucan). 
 
In conclusion, this research will focus on developing a functional low-fat cream cheese using β-glucan 
and plant sterols. The texture is a key attribute of cream cheese that will be assessed both quantitatively 
by using an instrument and subjectively with a trained panellist. Rheometer, tribometer, texture 
analyzers, mastersizer, and microscopy has been used widely to define and characterise the texture of 
many food products including cream cheese, while as the texture perception is changing over time, 
Temporal Dominance of Sensations (TDS) method will be applied. The effect of β-glucan as a fat 
replacer and plant sterols as a functional ingredient in low-fat cream cheese will be evaluated on textural, 
sensory and flavour profiles compared with original (standard) cream cheese. In addition, the functional 
dairy product is highly valuable products, particularly if it contains probiotic; hence, the addition of 
probiotic L. rhamnosus in non-encapsulated or encapsulated form to improve cream cheese flavour and 
investigating the viability of probiotic during refrigerated storage was carry on. The effect of probiotic 
addition on cream cheese microstructure were also observed by using SEM and TEM. Volatile fatty acids 
in fresh soft cheese are the products of various metabolic pathways, mostly microbial from starter culture 
or probiotic addition and hence the volatile profiles data will be collected by using GC-MS. 
 
1.2. Research aims and objectives 
This study aimed to investigate the effect of cream cheese composition (reducing fat) and the addition of 
functional ingredients (β-glucan and plant sterols) and probiotic on the physical, sensory and flavour 
profiles of functional reduced-fat cream cheese. This work will also establish a new knowledge on 
sensory profiling of reduced-fat cream cheese by using Temporal Dominance of Sensations (TDS) 
techniques. 
 
The specific objectives of this research are summarized below: 
1. To investigate the effect of fat content (low-fat, medium-fat and full-fat) on the physical (texture, 
rheology, particle size, tribology, microstructure). This objective is addressed in Chapter 3.  
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2. To investigate the effect of homogenisation on cheese milk and high-shear mixing of cream 
cheese curd on the textural properties of reduced-fat cream cheese. This objective is addressed in 
Chapter 4. 
3. To develop reduced-fat cream cheese with added functional ingredients β-glucan and plant 
sterols. This objective is addressed in Chapter 5. 
4. To study the dynamic changes on textural attributes of reduced-fat cream cheese during oral 
processing by using Temporal Dominance of Sensations (TDS) tools and its relation with flow 
and lubrication behaviour. This objective is addressed in Chapter 6. 
5. To investigate the effect of adding probiotic L. rhamnosus on textural properties of functional 
reduced-fat cream cheese and its viability during refrigerated storage. This objective is addressed 
in Chapter 7. 
6. To evaluate the flavour profiles of functional reduced-fat cream cheese as a result of the addition 
of β-glucan, plant sterols, and probiotic. This objective is addressed in Chapter 8. 
 
1.3. Hypothesis 
The overall hypothesis of the research is that the addition of functional ingredients β-glucan and plant 
sterols will improve the characteristics of reduced-fat cream cheese (textural, sensory and flavour 
profiles) similar to its full-fat counterparts. The following hypotheses will be considered for this research: 
1. The different amount of added β-glucan and plant sterols will affect the textural and sensory 
properties of reduced-fat cream cheese because β-glucan as fat replacer will bind water and 
thereby improve the texture of cream cheese, while plant sterols will provide spreadability to low-
fat cream cheese.  
2. The dynamic sensory perception of reduced-fat cream cheese with added fat replacer during 
consumption has a strong correlation with the changes in its textural properties. Fat replacer 
introduces certain negative sensory attributes like powderiness, graininess, pastiness, dryness that 
play an important role in their acceptability. Hence, TDS was applied to identify these attributes 
during dynamic oral processing and therefore will assist in product development. 
3. The addition of probiotic bacteria (L. rhamnosus) will increase the shelf life of functional 
reduced-fat cream cheese under refrigerated storage as well as improve its flavour. The symbiotic 
effect of β-glucan (prebiotic) will enhance the viability of L. rhamnosus (probiotic) in the final 
product. 
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1.4.  Expected outcomes and further applications 
In this research, a reduced-fat cream cheese with added functional ingredients that provide similar 
mouthfeel and textural properties as the high-fat cream cheese will be developed. By investigating the 
microstructure, particle size distribution, lubrication, rheological, textural, sensory properties and 
digestibility of cream cheese with varying fat content, and addition of functional ingredients (β-glucan, 
plant sterols and probiotics), this thesis will contribute to a better understanding of the factors that affect 
the textural and functional properties associated with low-fat cream cheese. Additionally, the use of β-
glucan, plant sterols and probiotics in low-fat cream cheese will open up the possibility of its use in other 
low-fat dairy products. The dynamic sensory profiling of functional ingredient enriched low-fat cream 
cheese through TDS will help to identify any odd/negative texture or mouthfeel characteristics during 
oral consumption. The flavour profiles will provide an insight on the ability of probiotic to produce 
volatile compounds to improve the flavour of reduced-fat cream cheese incorporated with β-glucan and 
plant sterols. 
 
1.5. Outline of the dissertation 
The thesis consists of 9 chapters including a general introduction (Chapter 1), literature review (Chapter 
2), studies undertaken in the project (Chapters 3-8), and general conclusions and recommendations for 
further research (Chapter 9). All the research chapters are presented in a journal format. Each published 
or submitted research paper is presented as a chapter. 
1). Chapter 1 provides general knowledge about cream cheese (especially reduced-fat cream cheese) 
as the main objective of this research. The importance of fat in textural and functional properties 
of cream cheese are also introduced. 
2). Chapter 2 presents the review of literature background relating to: (a) the cream cheese 
manufacturing, factors affecting the textural defects on reduced-fat cream cheese, and 
characterization of cream cheese with different fat content, (b) fat replacers used to modify the 
texture of reduced-fat cream cheese, (c) oral processing and dynamic changes in texture perceptions 
of reduced-fat cream cheese, (d) probiotic cream cheese including microencapsulation and L. 
rhamnosus as probiotic, (e) textural analysis, microstructure and flavour profiles of functional 
cream cheese. 
3). Chapter 3 characterises the textural properties (rheology, tribology, textural properties, particle size 
distribution, and microstructure) of cream cheese manufactured with different fat content (low-fat, 
medium-fat, and high-fat). 
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4). Chapter 4 investigates the effects of processing: homogenisation of cheese milk (0, 25, and 100 
MPa) and high-shear mixing (750, 1500, and 3000 rpm at 2 and 4 min) of cheese curd on textural 
properties of reduced-fat cream cheese. 
5). Chapter 5 investigates the effects of functional ingredients (β-glucan and phytosterols) on 
lubrication and textural properties of reduced-fat cream cheese. 
6). Chapter 6 provides information on sequential aspects of cream cheese texture perception during 
oral processing by using Temporal Dominance of Sensations and its relation with flow and 
lubrication behaviour. For comparison, a commercial low-fat cream cheese and in-house high-fat 
cream cheese were used as a control. 
7). Chapter 7 investigates viability of probiotic L. rhamnosus in functional reduced-fat cream cheese 
during storage. Two types of probiotic (non-encapsulated and encapsulated) were added and their 
viability were observed every week for 7 weeks of storage at 4°C. 
8). Chapter 8 describes the flavour profiles of cream cheese containing functional ingredients (β-
glucan and phytosterols) and probiotic L. rhamnosus. 
9). Chapter 9 provides the overall conclusions from each of the research chapter and future 
recommendations for further studies.   
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Chapter 2.  
 
Literature review 
 
2.1. Introduction  
The term low-fat cheese refers to cheese with less amount of fat compared to full-fat cheese. Codex 
classifies the cheese products with 1% to 25% fat content as low fat, while 25 – 45% as medium fat. 
Geng, Ipsen, and Liot (2008) defined low-fat cream cheese as a fresh cheese which contains 5 -15% fat, 
22 – 32% dry matter and 8 – 12% protein, in agreement with USDA (1994) which also standardizes the 
moisture content at 70% and pH range between 4.4 - 5.2. There have been a number of attempts made to 
produce low-fat cream cheese by modifying its processing steps (homogenisation, pH control) and its 
composition [fat and protein ratio, fat dry matter (FDM), moisture content]. However, textural defects 
such as firmness, grittiness, rubbery, sticky, and less spreadable are becoming an issue as a result of the 
reduced fat content (Brighenti, 2009; Phadungath, 2005) and there are only a few research papers that 
have addressed the textural properties of reduced-fat cream cheese (Andersen, Frøst, & Viereck, 2010; 
Fadaei, Poursharif, Daneshi, & Honarvar, 2012; Janhoj, Frost, Prinz, & Ipsen, 2009; Miri & Habibi 
Najafi, 2011; Wendin, Langton, Caous, & Hall, 2000). Unlike homogenisation and pH control, studies 
on the effect of high-shear mixing of cheese curd on textural characteristics of cream cheese specifically 
in reduced-fat cream cheese are limited. Previous researchers have reported the most critical step that 
determines the functionality of cream cheese is mixing the cheese curd with stabiliser and salt  (Brighenti, 
2009; Phadungath, 2005), however very limited information available on the effect of mixing condition. 
A research by Hahn et al. (2012) showed that shearing cheese curd at 3000/min destroyed the clusters of 
large particle resulting in a homogeneous distribution of particles in fresh cheese matrix. Also, according 
to Tamime (2009), varying the speed and time of mixing cheese curd is one of the possibility to improve 
the final texture of cheese.  
 
Fat replacers have been applied in developing low-fat product in order to improve its texture and 
functionality. β-glucan, a carbohydrate fat substitute, is a potential ingredient that can be added to low-
fat dairy product. β-glucan has the ability to bind water, influence the viscosity and improve the 
smoothness of cream cheese. There are a growing number of studies investigating the prebiotic effect 
and health benefits of β-glucan in dairy products including cheese (Lam & Chi-Keung Cheung, 2013; 
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Athina Lazaridou, Serafeimidou, Biliaderis, Moschakis, & Tzanetakis, 2014; Russo et al., 2012). 
However, one fat replacer cannot cover all the functionalities of fat and hence it is recommended to use 
various fat replacers in combination. Plant sterols have a potential to be used as fat replacers because it 
has similar structure and function as fat. Addition of plant sterols not only imparts the creamy texture to 
low-fat dairy yogurt but also improves the taste by masking bitterness and a possible reduction of the 
amount of sugar addition (Cantrill, 2008). The ability to lower cholesterol levels is the motivation behind 
developing low-fat products.  
 
It is a big challenge for the food industry to develop functional foods without compromising the texture 
and flavour profiles during oral processing. Textural attributes change during mastication and there is no 
information on texture profiles of functional reduced-fat cream cheese. Hence, the effect of fat replacers 
(β-glucan and phytosterols) on the textural properties of functional reduced-fat cream cheese texture was 
investigated using Temporal Dominance of Sensations tool. Research on use of probiotic strains such as 
L. acidophilus and L. paracasei in cream cheese with inulin or other prebiotics are still limited. L. 
rhamnosus is hetero fermentative probiotic bacteria which is able to produce important volatile 
compound in cheese (acetaldehyde and ketone) including buttery notes (diacetyl), and is a potential strain 
that can be added to reduced-fat cream cheese. To enhance the viability of L. rhamnosus in cream cheese 
matrix, microencapsulation technique using calcium-alginate were applied and its survivability were 
observed during 7 weeks of storage at 4 °C. The interaction of casein-fat replacers and probiotic may 
change the structure of cream cheese and affect the spreadability and firmness.   
 
Therefore, this literature review presents the background knowledge about the following: (1) reduced-fat 
cream cheese (the effect of composition, manufacturing process and starter culture on cream cheese 
texture); (2) potential applications of fat replacers (β-glucan and phytosterols); (3) sensory perception 
related to textural attributes of cream cheese and TDS as a new tool to measure the dynamic changes 
during oral processing of cream cheese; (4) probiotic (its application in cream cheese and the 
encapsulation technique); (5) textural and microstructure analysis, flavour compound and in vitro 
digestibility measurement.  
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2.2. Reduced-fat cream cheese manufacture and factors affecting its quality (textural, sensory 
charasteristics and flavour profiles) 
2.2.1. Composition and its effect on textural changes 
Cream cheese contains a large amount of protein, which acts as an emulsifier and forms a network that 
includes fat droplets. The fat globules are in the form of clusters, interspersed within milk proteins. The 
moisture content of cream cheese is also high, and fat plays an important role in maintaining a minimum 
of 67% of dry matter (Coutouly, Riaublanc, Axelos, & Gaucher, 2014; Jeon, Lee, Ganesan, & Kwak, 
2012). The interaction between protein, salt, and fat content will determine the texture of cream cheese 
(Wendin et al., 2000). The composition of milk to make low-fat cheese differs markedly from that of 
full-fat cheese in a number of ways. The total fat content of milk is obviously lower, therefore, the amount 
of protein in milk is slightly higher which lowers the total solids in milk. 
 
Fat plays an important role in cream cheese, especially in texture and flavour development. Fat globules 
break the casein matrix to open serum channels that provide lubrication during mastication. This breaking 
of the casein matrix reduces the firmness of cheese. The difference in protein structure between full-fat 
and low-fat cheese may have some impact on the sensory perception of flavour. The absence of fat 
globules in cheese, in many cases, results in a firmer texture and a lower flavour intensity in cheese 
(Everett & Auty, 2008). These changes may influence the acceptability of low-fat cheese by consumers. 
The use of proteins, carbohydrates, or modified triacyl glycerides such as sucrose polyesters as a fat 
replacer has been developed to compensate for the absence of fat. 
 
The main proteins in cream cheese are caseins and whey proteins (WP) in variable proportions. Casein 
is a complex molecule, stabilized by calcium phosphate and hydrophobic interactions. Changes in pH 
during acidification process of cream cheese will modify casein structure that becomes a gel (at pH 4.6) 
because most of the calcium phosphate is dissolved. Heat treatment of milk (above 69 °C) could modify 
the gelation behaviour of casein gels, and make whey proteins lose their natural structure and aggregate 
together or with κ-caseins resulting in a firmer gel (Lucey, Johnson, & Horne, 2003; Sadeghi, Madadlou, 
Khosrowshahi, & Mohammadifar, 2014). The stability of casein micelle, or its controlled destabilization 
for cheese and yogurt manufacturing, is critical in the processing and maintaining the quality 
characteristics of cream cheese. Rheological parameters and texture are influenced by factors that include 
casein-casein, casein-water, casein-fat interactions, the state of water (free or bound to the casein matrix), 
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pH and the state of calcium (ionic or bound to the casein matrix), temperature, sodium chloride content, 
and extent of proteolysis (Everett & Auty, 2008). 
 
The role of salt in cream cheese is to contribute towards the flavour and the texture properties of the 
product. Citrate, phosphate, and polyphosphate are three types of emulsifying salts widely used in making 
processed cheese and other processed cheese foods (Cunha, Dias, & Viotto, 2010). Different types of 
emulsifying salts provide final products with different flow and textural properties. Two functional 
properties of casein related to cream cheese texture: water solubility and emulsifying capacity, are 
improved by the addition of emulsifying salts. Some researchers have reported that an increasing amount 
of salt resulted in a firmer cream cheese, because of the aggregation of proteins. Swenson, Wendorff, 
and Lindsay (2000) reported that increasing the concentration of trisodium citrate or disodium phosphate 
from 0.5 % to 3 % increased the firmness and decreased the spreadability and melting property of fat-
free processed cheese spreads. Kosikowski (1997) also found that the desired firmness of cream cheese 
was achieved at 3% of salt, while Phadungath (2005) added only 0.5-1 % of salt during processing of 
cream cheese. Zulkurnain, Goh, Karim, and Liong (2008) also reported that salt had a significant effect 
to the function and gelling properties of protein hydrocolloids in soy cream cheese thus modifying its 
texture.  
 
2.2.2. Processing and effect of modification on textural changes 
Cream cheese is made from standardized, homogenised and pasteurised milk or cream. Generally, the 
basic process involves: (1) preparation of the cream cheese mix and acidification using lactic acid 
bacteria with or without rennet, (2) separation of the whey from the curd by using a centrifugal separator 
or draining manually with cheesecloths, and (3) homogenisation of the curd by mixing and adding salt 
and/or stabilizers. However, in order to make reduced-fat cream cheese, there are three broad approaches 
that include modifying the processing techniques, starter culture selection, and use of stabilizers and/or 
fat replacers (Mistry, 2001). Each approach has a specific impact on the different components of the 
cream cheese. 
 
One of the most important steps in cream cheese making is acidification, where the pH of curd should 
decrease in the range 4.6-5.2 within a few days of manufacture. Coagulated curd by acidification was 
due to the production of lactic acid from lactose by Lactic Acid Bacteria (LAB). When the pH reaches 
4.6, casein micelles create a network and as the concentration of the network increases, a gel or curd is 
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formed. Heating the milk at around 55 °C will allow whey proteins to aggregate with caseins and it will 
change their acid gelling properties resulting in firmer gels. Curds obtained from this process are later 
drained, salted, and packaged as fresh cream cheese (Everett & Auty, 2008). Cream cheese firmness is 
strongly influenced by the pH. Increasing pH from 4.6 to 6.3 by exposure to ammonia vapor will decrease 
firmness of cream cheese texture, increase meltability, and change the microstructure that becomes more 
continuous or swollen (Almena-Aliste & Kindstedt, 2005; Monteiro, Tavares, Kindstedt, & Gigante, 
2009). 
 
Homogenisation is the last step of the cream cheese making process. Homogenisation of cheese-milk 
creates smaller fat globules with a greater total fat-water interfacial surface area. Homogenisation is one 
of the methods to break up the casein network, resulting in a cheese with high moisture content but 
decreased flowability when heated. This allows the fat globules to interact with the protein matrix and 
produce more elastic cheese with less free oil formation. Larger fat globules will enhance spreadability 
of American-style cream cheese containing not less than 33 % fat (Everett & Auty, 2008). 
 
2.2.3. Starter culture and storage conditions 
Specific lactic acid bacteria are added to initiate the change of milk into cheese curd by reducing pH 
from 6.7 for fresh milk to around 5 for many varieties of cheese (Everett & Auty, 2008). Mesophilic 
cultures, which contain strains of Lactococcus lactis subsp. Lactis and/or Lc. Lactis subsp. Cremoris, 
Lactococcus lactis subsp. Biovar diacetylactis and Leuconostoc mesenteroides subsp. Cremoris are used 
for coagulation of cream cheese curds (Fadaei et al., 2012). For some cheese, the function of starter 
culture is not only for producing acid at the appropriate rate and time but also for developing flavour. 
The use of frozen, concentrated cultures that can be added is becoming common to minimize 
contamination and ease of use. The choice of starter depends on the type of cheese being produced. An 
important point that requires to be considered is the temperature of scalding or cooking of the curd. 
Below 30 °C, the use of mesophilic starter cultures, single or in combination, is more suitable. Figure 2.1 
gives the step-wise manufacturing process of cream cheese. 
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Figure 2.1. Manufacture of Cream Cheese 
 
2.2.4. Textural defects of reduced-fat cream cheese 
Fat has a major contribution to the sensory properties of cream cheese. Removing all or part of the fat 
from cheese can adversely affect its texture, taste, functionality and consumer acceptance of low/reduced 
fat cheeses, which are characterised by more rubbery and gummy texture, increased firmness, more 
translucency, poorer spreadability, melting and baking properties, and also reduced the mouthfeel 
(Johnson, Kapoor, McMahon, McCoy, & Narasimmon, 2009; A. Madadlou, Khosroshahi, & Mousavi, 
2005). A defect in some cream cheese is gritty mouthfeel because of the large compact casein and 
denatured whey protein aggregates up to 1 mm in size (Everett & Auty, 2008) which can occur depending 
on the final pH of the cheese. The effect of changing pH, as happens during the acidification step of 
cream cheese process, has been summarized as altering the casein micelles (Brighenti, Govindasamy-
Lucey, Lim, Nelson, & Lucey, 2008). Casein structure is a supramolecular complex of casein stabilized 
by calcium phosphate and hydrophobic interactions. The low pH (4.6) reduces the repulsive charge 
differences between the casein micelles to a point at which they aggregate and form a gel or clot (Law & 
Tamime, 2010). A study by Sainani, Vyas, and Tong (2004) observed that gritty or grainy mouthfeel is 
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an undesirable textural defect that occurs in cream cheese as a consequence of big particle size of 
aggregate protein and fat. 
 
2.3. Characteristics of reduced-fat cream cheese 
When used as an ingredient, it is important that cream cheese need to have functional properties including 
spreadability, meltability, smoothness, softness, and creaminess. For direct consumption of cream 
cheese, the smoothness, softness and spreadability properties are critical (Konuklar, Inglett, Warner, & 
Carriere, 2004). An increased demand for decreased fat content leads to firmer cream cheese with lower 
meltability and spreadability. Sensory perception of cream cheese (flavour, color, and mouthfeel) will 
also be affected by low-fat content. 
 
2.3.1. Textural attributes of cream cheese 
Textural attribute of food products containing fat such as cream cheese is influenced by almost all of the 
processing parameters and also the structure and mechanical properties of fat crystal networks 
(Marangoni, 2002). The parameters involved are temperature, agitation, homogenisation pressure, and 
cooling rate (Piska & Štětina, 2004; Swenson et al., 2000); types and amount of fat, non-fat milk solids, 
protein content (Dimitreli & Thomareis, 2008; Lee, Anema, & Klostermeyer, 2004); addition of 
emulsifying salts (Weiserová et al., 2011), different thickeners such as starch (Trivedi et al., 2008) or 
pectin (Liu, Xu, & Guo, 2008). All these variables can influence the structure of the product and also 
modify the rheological, mechanical, and sensory properties of cream cheese (Bayarri, Carbonell, & 
Costell, 2012). The three most important physical characteristics that greatly influence consumer 
acceptability of cream cheese are spreadability, firmness, and adhesiveness. 
 
Spreadability is described as the measure of how easily and uniformly a product breaks and spreads at 
the end, and it is the most important textural property of cream cheese (Sun & Gunasekaran, 2009). It 
has been shown that spreadability can be measured by shear stress. The work done, which is defined as 
the minimum shear stress needed for the product to flow, can be used to characterize spreadability 
(Breidinger & Steffe, 2001). The major component in cream cheese is the fat globules that interact with 
milk proteins and defines the compact fat-casein aggregates with large spaces filled with whey. 
Therefore, the interaction between fat and protein is an important factor that correlates with moisture 
content of cream cheese and contributes to spreadability. Because spreadability is such an important 
factor in the development of a low-fat cream cheese, specific efforts are required to achieve the desired 
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formulation characteristics. These include the addition of various hydrocolloids as fat replacer to 
maintain the ratio of solid to liquid fat in a product. 
 
Firmness of cream cheese is significantly affected by the amount of lipids. According to Brighenti et al. 
(2008) and Brighenti (2009) an increase in the level of total solids, especially the fat will result in acid-
induced casein gels with increased firmness, cohesiveness, and difficult to dissolve and spread. 
Meanwhile adhesiveness is closely related with the ease to remove the particles from the surfaces of 
tongue and palate during oral processing (Gunasekaran & Ak, 2002). Factors that influence firmness and 
adhesiveness are the bond between casein-casein in cream cheese matrix. Any factor that decreases 
casein-casein interactions will result in a softer and less adhesive cheese. According to Brennan and 
Tudorica (2008), carbohydrate-based fat replacers are known to affect these attributes through the 
mechanisms of binding water and act as an active filler to break the casein bond.     
 
2.3.2. Sensory characteristics of cream cheese 
The sensory descriptors for original of full-fat cream cheese are soft texture, smooth consistency, high 
spreadability, mild, creamy mouthfeel, and slightly acidic without any off-flavours. In addition, the 
texture of cream cheese should be smooth without lumps or grittiness and also without any indication of 
cracking or wheying off (Phadungath, 2005). Therefore, food structure is a key element responsible for 
the sensory perception of texture. Previous sensory research using judging and scoring confirmed that in 
general, cheese texture was altered by fat reduction and that texture defects were more prevalent in 
reduced-fat or low-fat cheeses (Foegeding & Drake, 2007). Sensory textural properties of cheese are the 
result of the temporal pattern of structural breakdown and mixing with saliva during oral processing, 
which can be separated into “first bite” and “chew down” (Rogers, McMahon, Daubert, Berry, & 
Foegeding, 2010). Therefore, study the oral texture perception of cheese, especially on how structural 
elements change over time is needed to determine how low-fat cheese texture can be brought closer to 
that of full-fat cheese. 
 
2.3.3. Flavour profiles of cream cheese  
The development of flavour in fermented dairy product can be particularly important to consumer’s 
choice. In most soft-coagulated fresh cheese, the flavour is mainly from the activity of starter culture to 
break down the milk protein, fat, and carbohydrates through their specific metabolic pathway (Hassan, 
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A. M. Abd El- Gawad, & Enab, 2012; Urbach, 1997). As a result, the presence of the volatile and non-
volatile compounds will create a unique flavour of cream cheese. One approach to characterise the 
flavour as well as deterioration of cream cheese during storage is by determining the volatile organic 
compounds (VOCs). The summary of the basic volatile flavour compounds detected in fresh cheese and 
soft acid-coagulated cheese are presented in Table 2.1 (Guneser & Yuceer, 2011; Sablé & Cottenceau, 
1999; Wang, Zhang, & Li, 2012), in which the balance amount of lactic acid, diacetyl, CO2, peptides, 
amino acids, and free fatty acids are essential for the flavour profiles of final product (Hassan et al., 
2012). It has been reported that reduced-fat cheese generally lacks flavour (Urbach, 1997) and as an 
adjunct culture, the probiotic also contributes to the development of flavour.  
 
Table 2.1. The basic volatile flavour compounds of fresh cheese and soft acid-coagulated cheese (Sablé 
& Cottenceau, 1999; Andiç, Tunçtürk, & Boran, 2015; Thierry, Pogačić, Weber, & Lortal, 2015). 
Volatile compound Flavour note Sources of compound 
Fatty Acid Acetic acid, propionic acid  Vinegar, pungent Lipolysis, 
carbohydrate, amino 
acids 
Butanoic acid, pentanoic acid  Rancid, cheesy, putrid, 
sweaty 
Hexanoic acid Pungent, sour 
Octanoic acid, decanoic acid,  Waxy, soapy, musty, 
rancid, fatty 
Dodecanoic acid, tetradecanoic acid Oily, sweet, waxy, 
fatty 
Hexadecanoic acid, tridecanoic acid, 
oleic acid, octadecanoic acid 
 
Ketone 2-tridecanone, 2-pentadecanone Fruity, green, slightly 
spicy 
Lipid oxidation, amino 
acids  
1-octen-3-one, (Z)-1,5-Octadien-3-one Metallic, mushroom 
Butane-2,3-dione Buttery 
3-methylpentan-2-one, octa-1,5-dien-
3-one 
Pungent, vegetable 
mushroom, soil 
Aldehide 2-6-nonadienal, 3-6-nonadienal Dirty/ fatty Decarboxylation, 
oxidation of fatty acids 
Nonanal, hexanal Fatty, earthy  
Methional Potato-like aroma Strecker degradation of 
methionine 
Diacetyl Buttery  
  
Undesirable flavour such as oxidized flavour result from the oxidation of lipids (Sunesen, Lund, 
Sørensen, & Hølmer, 2002). The total VOCs concentration of processed cheese increases after 56 and 
364 days of storage with octane and hexanal increased significantly and 2-pentyl-furan decreased after 
exposure to light. Meanwhile, 2-pentyl-furan only shows a reduction of 33% when the cheeses were kept 
at 5°C or 20°C for 56 days. Short and moderate-chain fatty acids (between C4 and C12) have a very low 
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threshold value (<5 ppm) and in very large amount can generate rancidity flavour (Sablé & Cottenceau, 
1999). A comparative study of flavour, texture and sensory in cream cheese conducted by Jeon et al. 
(2012) also reported that certain fatty acids compound (hexanoic, octanoic, decanoic and dodecanoic) 
were detected in higher amount after 4 weeks of storage at 7°C. This correlated with the high-fat content 
of regular cream cheese leading to the higher lipolysis activity compared with cholesterol-reduced cream 
cheese (CRCC). However, the increased hexanoic acid, described as having pungent odors, in both 
samples were not significantly different. Meanwhile, Mentana et al. (2016) reported that the off flavour 
compounds produced during shelf-life were characterised by alcohols, aldehydes, terpenes, and acids, 
which are the primary products of lipolysis and proteolysis metabolism.    
 
Interestingly, the research done by Cardenas et al. (2014), incorporating a probiotic L. salivarus 
CECT5713 and PS2 did not significantly change the flavour profiles of probiotic cream cheese. A total 
of 59 volatile compounds was detected in all samples, using GC-MS and only acetic acid was present in 
abundance in cheese containing L. salivarius CECT5713. Many studies have characterised the flavour 
profiles of hard and semi-hard cheese (Hassan et al., 2012; Marilley & Casey, 2004; Smit, Smit, & 
Engels, 2005), but very few research have determined the flavour compounds of soft cheese especially 
cream cheese with reduced-fat content and probiotic cultures. 
 
2.4.  Fat Modification in cream cheese 
Cheese properties such as texture and functionality depend on the proportion of each component 
including the fat content, the casein particles, and the amount of minerals and waters dispersed in cheese 
milk. Different processing condition will also alter the microstructure of the gel, resulting in a cheese 
with different functional properties.   
 
2.4.1. Fat replacer 
The presence of fat in dairy products plays an important role in their physical properties, rheological and 
textural characteristics and microbiological stability. In addition, fat influence other product 
characteristics such as handling, stability, appearance, flavour, and mouthfeel (Brennan & Tudorica, 
2008). Reducing the fat content in cream cheese will change its characteristics. Hence, an ideal fat 
replacer should be added to a specific concentration to replace the function of fat. It should increase 
meltability of reduced fat cream cheese since it’s the most important functional property of cream cheese. 
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There are some factors need to be considered when applying fat replacer to low-fat product. Such 
properties like flavour, palatability, creaminess, and lubrication are due to the fat content, which can 
affect consumer perception. Therefore, a careful selection of fat replacers and processing techniques are 
required depending on the functions of fat that a product needs so that it is accepted in the market. There 
are three-ingredient systems that are needed to get a good result from a fat mimetic: a thickening agent, 
a soluble bulking agent, and an insoluble micro particulate agent. Each of them has a different function 
that is to control lubricity and flow, absorption/adsorption of the food onto the taste receptors of the 
tongue, and as a ball bearing to create smoothness respectively (Setser & Racette, 1992)  
 
Many research has been done to replace the fat content with other compounds based on proteins, 
polysaccharides, and synthetic chemical molecules in order to get a complete fat mimetic product 
(Pereira, Gomes, & Malcata, 2009). In some cream cheese products, stabilizers are added to prevent 
syneresis of the product during storage. One or more stabilizers can be added, usually around 0.3%, such 
as locust bean gum, guar gum, xanthan gum, and carrageenan. Also, whey protein concentrates stabilizes 
the gel.   
 
2.4.2. β-glucan as a functional ingredient 
Carbohydrates had been used for many years as a fat replacer for a low-fat food product. They can act as 
a thickener, stabilizer or gelling agent, which can totally or partially replace the function of fat. 
Hydrocolloids like gums, pectin, starches, cellulose, and others are able to bind the water and improve 
the texture, mouthfeel, and opacity of low-fat product.  
 
Gums and starches can be used in salad dressings, icings and glazes, desserts and ice cream, ground beef, 
baked goods, dairy products, soups and sauces, margarine spreads, but not suitable for low moisture 
foods such as cookies or crackers or frying product (Akoh, 1998). Some research on the use of 
hydrocolloids as a carbohydrate fat replacer has been conducted in low-fat dairy products. Hydrocolloids 
such as gelatin, carrageenan, locust-bean gum, guar gum, pectin influence firmness and meltability of 
cheese spreads (Swenson et al., 2000) and fruit cream cheese spread (Gulzar et al., 2015). These 
hydrocolloids thicken the liquid phase, which may reduce the loss of water in cream cheese and improve 
spreadability.  
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β-glucan is one of the polysaccharides from bacterial, fungal, and vegetable sources, in a linear structure 
of glucose with mixed-linkage β (1.3) and β (1.4) and the most important component in oats and barley. 
β-glucan is a soluble dietary fiber and commonly used as a functional ingredient in food system. The 
physical properties of β-glucan are influenced by many factors such as molecular weight distribution, 
molecular size of cereal β-glucan and cellulose-like segments (Ahmad, Anjum, Zahoor, Nawaz, & 
Dilshad, 2012; Charalampopoulos, Wang, Pandiella, & Webb, 2002). It will contribute to solubility-
solution behaviour, gelling capacity and ability to increase the viscosity of aqueous solutions of the 
product. Gelation is associated with cross-linking of a long chain of polymer to form three-dimensional 
networks and entraps liquid. The use of water-dispersible fat replacers, such as gum and β-glucan have 
been recommended in low-fat cheese that imparts lubricity and creaminess properties similar to full-fat 
cheese (Barsanti, Passarelli, Evangelista, Frassanito, & Gualtieri, 2011). Therefore, β-glucan can be 
utilized as a thickener and fat mimetics to modify the texture of low-fat food products (Ahmad et al., 
2012; A. Lazaridou & Biliaderis, 2007). 
 
Figure 2.2. The chemical structure of β-glucans from oat with combined bonds β-(1,3) and β-(1,4) 
(Adopted from Daou & Zhang (2012)) 
 
β-glucan when incorporated into functional food, like food bars, tends to reduce glycemic indices while 
maintaining palatability (Jenkins et al., 2002). It is also reported that β-glucan is the potential ingredients 
to reduce plasma cholesterol concentrations when consumed in different food products, but their 
effectiveness in non-fat or low-fat beverages has not been established (Jones, Vanstone, Raeini-Sarjaz, 
& St-Onge, 2003). More research is in progress to determine the effect of β-glucan and phytosterols into 
low-fat spreads and non-fat phytosterols formulations (Moreau, Whitaker, & Hicks, 2002). Most recent 
studies have examined the lipid-lowering ability of β-glucan incorporated into a fat matrix: margarine, 
butter or dressing (Hallikainen, Sarkkinen, & Uusitupa, 2000; Jones et al., 2000; Mussner et al., 2002). 
A possible use of β-glucan in low-fat yogurt investigated by Sahan, Yasar, and Hayaloglu (2008) showed 
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that yogurt containing 0.25 % or 0.50 % β-glucan were acceptable by the consumer and has a similar 
score to full-fat yogurt.  
 
A study performed by Volikakis, Biliaderis, Vamvakas, and Zerfiridis (2004) showed in an increased 
yield, greater proteolysis and higher levels of short-chain fatty acids as well as with improved texture 
when β-glucan is incorporated at 0.7 % and 1.4 % (w/w). However, the product made with the high level 
of β-glucan has shown significantly inferior impression scores for sensory attributes. As there are no 
cream cheese products on the market with β-glucan in it, it will be an interesting research to understand 
how β-glucan could modify low-fat cream cheese texture. Moreover, the limited amount of β-glucan that 
could be added also need to be investigated, as it changes the texture and sensory perception. A 
preliminary study by Volikakis et al. (2004) showed that increasing the amount of β-glucan up to 3 % 
(w/w) lead to a lower value of G′, which mean that the network structure is decreased. In order to be 
considered as a functional food product, the cream cheese should contain minimum of 1 g of oat β-glucan 
per serving (FSANZ, 2011). 
 
2.4.3. Plant sterols as functional ingredients 
As the demand for healthy foods has increased in recent years, the food industry faces the challenge to 
make a functional food product, especially related to a reduction in cholesterol level. Among the others 
functional ingredients to reduce cholesterol level for cardiovascular health, plant sterols is one of the 
most common choices because it has a similar structure to cholesterol (Onwulata, 2013). The difference 
is only the structure of the side chain, thereby the mechanism in lowering plasma cholesterol is from 
competition with cholesterol for binding sites in the gastrointestinal tract (Cantrill, 2008). Plant sterols, 
or phytosterols, are extracted from plants and vegetables such as soybean oil, canola oil, sunflower oil, 
and others. Phytosterols are generally stable compounds under some processing conditions. Different pH 
value and the presence of viable bacteria does not affect phytosterol’s stability in milk and fermented 
milk product. In fact, only under harsh condition, such as high temperatures (>100°C) in the presence of 
oxygen, oxidation may occur (Cantrill, 2008; Gonzalez-Larena et al., 2011) 
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Figure 2.3. Chemical structures of cholesterol, plant stanol, plant sterol, and plant sterol ester (Adopted 
from Weingärtner et al. (2009)) 
 
A variety of commercial product, especially spreads, has been improved into functional food by adding 
plant sterols. Spreads is the first product which contain plant sterols, but since 2008 in the European 
Union, many products such as cheese spread, butter, salad dressing, fermented milk product, milk-based 
fruit drink, soy drink, rice drinks, spicy sauces have been incorporated with plant sterols (Cantrill, 2008; 
Giri, Kanawjia, & Rajoria, 2014). The functional use of plant sterols in food is not only to reduce 
absorption of cholesterol in the gut but also to modify and replace the fat content. In fact, for some 
products such as low-fat yogurt and soy drinks, it can improve the creamy texture and taste of food 
product (Cantrill, 2008). Cream cheese product available in the market contains a different concentration 
of plant sterols. Cream cheese in Belgium, Ecuador, Ireland, Luxembourg, and UK contains 3.4 g plant 
sterols per 50 g daily portion, while in Finland and Greece only 3.4 g plant sterols per 40 g and 30 g daily 
portion respectively (Cantrill, 2008). However, in Australia, the trends to incorporate plant sterols in food 
products is relatively new. Up to date, the plant sterols enriched products that can be found in Australia 
market is limited to only spread, milk, and food bars. Therefore, there is big opportunity to develop cream 
cheese with functional ingredients plant sterol.     
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2.5. Dynamic textural perception of reduced-fat cream cheese during oral processing 
2.5.1. Oral processing of semisolid food products 
Semisolid food products make up a large part of the food we eat which characterised to have a texture 
between a true solid (which breaks) and a true liquid (which flows). The consistency of a semisolid 
product can vary between soft solid such as margarine and viscous liquid like yoghurt. Their behaviour 
is complex and primarily determined by the composition and structure of the foods (Terpstra, 2008). For 
studying oral perceptions, the mouth is the most important human organ for food intake and perceptions. 
Even though generally having the same features and functionality, oral conditions vary between 
individuals depending on sex, age, race, health status (Chen, 2009), habit and food preferences (Mojet & 
Köster, 2005). A diagram illustrating the correlation between food structure and food oral processing in 
determining consumer acceptability is shown in Figure 2.4. 
 
Figure 2.4. Diagram showing the importance of food structure and food oral processing in sensory 
perception 
 
Oral processing is a continuous process starting from ingestion the food into the mouth, followed by a 
combination of oral movements by tongue and jaws, mixing with saliva, and warming to oral 
temperatures. The oral processing aims to break the food into smaller sizes, neutralise its pH, and form 
a smooth and homogeneous food bolus that is safe to swallow. After swallowing, a layer of this substance 
is formed and covers the surface of tongue and palate, known as mouth coating sensations. Hence, the 
sensory perception of food was defined from the properties of food bolus and mouth coating sensed by 
several sensors in the mouth and nose (Terpstra, 2008). In the case of semisolid type of foods, a smooth 
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and homogeneous food bolus was formed with only a single bite. Therefore, the oral movements are 
primarily limited only in between tongue and palate without applying the teeth to chew or break the foods 
(Engelen, De Wijk, & Prinz, 2004).  
 
The structure of the food is affected by mixing with saliva. The role of saliva in oral processing is multi-
fold: it decreases the viscosity of the food bolus by dilution and possibly by enzymatic breakdown by α-
amylase when there is starch present, it acts as a lubricant for the bolus because of its large salivary 
proteins, and it neutralizes the impact of certain taste such as acid (Engelen et al., 2004). Previous 
research has shown that the effect of saliva is more prominent on the outer layers of the food bolus than 
the inside, due to the quick enzymatic breakdown once the food mixed with saliva (Janssen, Terpstra, De 
Wijk, & Prinz, 2007). Therefore, it is necessary to study the dynamic changes of textural attributes during 
oral consumption and this information will be beneficial to enhance food product development. 
 
2.5.2. Temporal Dominance of Sensations (TDS) techniques 
Temporal Dominance of Sensations (TDS) was developed as a dynamic sensory method focusing on the 
determination of the most “dominant” sensation over time (Pineau et al., 2009). TDS is able to record 
several sensory attributes simultaneously over time to obtain the sequences of sensations. With this 
descriptive sensory method, panellist assess that sensation that is dominant and score its intensity over 
time until the sensation ends, or another appears as dominant (Labbe, Schlich, Pineau, Gilbert, & Martin, 
2009; Le Révérend, Hidrio, Fernandes, & Aubry, 2008). TDS was more relevant for representing product 
perception pattern and interaction between attributes compared to TI (Le Révérend et al., 2008). 
 
When using TDS methodology, all the attributes are presented simultaneously on the computer screen 
with a linear scale, anchored at the extremities with “not intense at all” and “very intense” as for sensory 
profiling as can be seen from Figure 2.5. Data acquisition was carried out on a computer with an 
appropriate software (FIZZ software version 2.20E (Biosystems, Couternon, France), Sensomaker 
software (Pineau et al., 2009), EyeQuestion software (M. Devezeaux de Lavergne, van Delft, van de 
Velde, van Boekel, & Stieger, 2015) or Compusense at Hand  Sensory Software (Compusense, Inc.) 
(Vázquez-Araújo, Parker, & Woods, 2013)]. The data collected during the tasting of each product from 
each subject are (1) the time when an attribute was selected as dominant, (2) the name of the given 
attribute, (3) the intensity scored for this attribute. 
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Figure 2.5. The list of attributes (a) and intensity rate (b) as appear on the computer screen  
 
2.5.2.1. Method of TDS 
In TDS methodology, the training on selected attributes that describe the characteristics of products need 
to be done. The panelist will be given a sample with different perceived in mouth properties to define the 
product scale and perceived sensations (Pineau et al, 2012). The dominant attribute was defined as the 
attributed associated with the sensation catching the sensations at a certain time, or the new sensations 
that come up during the test. As a result from previous research, it is also suggested to keep the list of 
maximum 10 attributes (Pineau et al, 2012; Monaco et al, 2014). The consensus must be reached among 
panelist on the definition of each attribute and tasting protocols such as length of the test, in mouth 
manipulation and the intensity scale of the attributes.    
 
2.5.2.2. Application of TDS on many food products 
Quantitative descriptive analysis (QDA) is one of the common methods used for profiling the sensory 
attributes of food products such as hardness/firmness, stickiness, cohesiveness of mass, gumminess, 
difficulty to dissolve, particle size and difficulty to spread. Many research has done profiled sensory 
attributes of different types of food using QDA, TI, and TDS. M. Devezeaux de Lavergne et al. (2015) 
compared the three methods (QDA, progressive profiling, and TDS) on dynamic texture perception and 
oral processing of semi-solid food gels. The results revealed that all three methods were relevant to assess 
the dynamic of texture perception and complemented each other. However, texture perception of food is 
a dynamic phenomenon depending on food properties and oral processing, which means that sensations 
perceived by assessors change over time (M. Devezeaux de Lavergne et al., 2015; Lawless & Heymann, 
2010). Previous methods like sensory profiling techniques do not provide a clear understanding related 
(a) 
(b) 
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to oral dynamic perception and the mechanisms inducing the differences in texture perception during 
chew down is still unclear.  
 
Previous research on cream cheese has focused on profiling sensory attributes of cream cheese using 
QDA, especially to define creaminess (Janhoj et al., 2009; Johansen, Laugesen, Janhøj, Ipsen, & Frøst, 
2008) and also other attributes such as mouthfeel, spreadability, appearance, aroma and taste (Jeon et al., 
2012; Kalab, Sargant, & Froehlich, 1981). The sensory profiling of cream cheese using TDS by da Silva, 
de Souza, Pinheiro, Nunes, and Freire (2014) determined the equivalence of salt substitutes on cream 
cheese in order to reduce the amount of salt in food. The use of different types of salt with specific 
concentrations resulted in different sensory profiles for each salt for the duration of test time. The 
dominant taste of each salt substitute perceived by panellists over the times is significantly different, but 
still possible to partially reduce the sodium chloride in cream cheese by combining the different types of 
salt substitutes. Apart from the above research, no other work on TDS profiling of cream cheese texture 
has been reported. 
 
The used of TDS to measure attributes in many food products is presented in Table 2.2. TDS technique 
has received attention in the sensory fields for its simple application, shorter time on testing and ability 
to measured 10 attributes. Since then, this method has been extensively used and compared to other 
conventional sensory methods by many researchers. In addition, Jéssica Ferreira Rodrigues, Condino, 
Pinheiro, and Nunes (2016) has successfully used PARAFAC and PCA as a complementary methods to 
assist the TDS data interpretations.
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Table 2.2. Sensory research using TDS in varying food products  
 
Type of food Purpose of research Results References 
Liquid Wines Compare the evaluation of bitter taste 
using DA, TI and TDS 
TDS is a suitable tool to evaluate bitterness in wines 
because it prevents halo-dumping effects and less 
influenced by the ethanol content  
(Sokolowsky & Fischer, 
2012) 
Coffee Validate the method by Pineau and to 
estimate the differences of the 
dominance attributes among products 
The complex data obtained from TDS requires a simple 
analysis procedures like ANOVA and plotting of 
residuals. 
(Dinnella, Masi, Naes, & 
Monteleone, 2013) 
Hot 
beverages 
Investigate the applicability of TDS 
compared with TI 
TI and TDS showed a similar result. However, TI is 
more suitable for one specific attribute whereas TDS 
provide additional information that is interaction 
between attributes and illustrate the product perception 
pattern over time.  
(Le Révérend et al., 
2008) 
Beer Compared the technique used in 
investigating beer flavour profiles (TI, 
TDS, DP) 
TDS is fast technique and provide information about the 
order of appearance of dominant attributes in beer 
flavour, while TI only suitable for single attribute  
(Vázquez-Araújo et al., 
2013) 
Blackcurrant 
squashes 
Investigate the benefits of using a 
sequential approach of QDA and TDS 
and explore the impact of sample 
composition on taste and flavour 
perceptions 
TDS and QDA provide similar results that the flavour 
profile was influenced by the level of dilution, 
complexity of sample composition and black currant 
juice content. Artificial sweeteners contributes to bitter 
notes and modify the sweetness quality  
(Ng et al., 2012) 
Semisolid Yogurt Evaluate the dynamics of textural 
perception as affected by different 
concentration of fat, modified starch, 
and gelatine, and compare between 
TDS and QDA 
TDS able to evaluate complex textural attributes 
(creaminess and mouth-coating) during consumption, 
better explain consumer’s perception related with 
hedonic perception, TDS show a high correlation with 
QDA 
(Bruzzone, Ares, & 
Giménez, 2013) 
cream cheese Determine the potency and 
equivalency of salt substitutes 
Higher amount of salt substitutes is needed to produce 
same salty level as sodium chloride. However, it also 
produced a sour and bitter tastes (undesirable). 
(da Silva et al., 2014) 
French soft 
cheese 
Investigate the influence of 
composition and initial texture on the 
dynamic bolus formation during 
consumption 
Texture perception is a complex phenomenon and highly 
dependent on food oral processing and swallowing time. 
The bolus properties are the key for the sensory 
attributes and perception 
(Saint-Eve, Panouillé, 
Capitaine, Déléris, & 
Souchon, 2015) 
Minas cheese Characterise the dynamic sensory 
profiles and verify the attributes that 
lead to product quality 
Creamy, soft, hard, and firm are related with texture, 
while bitter, buttery, salty and acid taste drive cheese 
acceptance 
(Bemfeito, Rodrigues, 
Silva, & Abreu, 2016) 
ice-cream Investigate the effect of different 
formulations (varying the stabilizer) on 
the temporal sensory properties 
Using hydrocolloids can retard the iciness sensations and 
prolong the creaminess perception 
(Varela, Pintor, & 
Fiszman, 2014) 
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chocolate 
dairy dessert 
Compare the TDS profiles of two types 
chocolate dairy dessert (traditional and 
prebiotic & light version) 
A chocolate dessert with sucralose and aspartame (as a 
sweetened) and a prebiotic produced a similar temporal 
sensation curves as the traditional counterpart  
(Morais, Pinheiro, 
Nunes, & Bolini, 2014) 
Solid Sausages  Explain the difference of dynamic 
texture perception of sausages related 
to chewing behaviour and bolus 
properties 
Eating behaviour can lead to differences in bolus 
properties and dynamic texture perception of the same 
product, because short duration eaters did not break the 
bolus completely resulted in firmer and less adhesive 
boli with lower fat release and less saliva incorporation.  
(Marine Devezeaux de 
Lavergne, Derks, Ketel, 
de Wijk, & Stieger, 
2015) 
fish stick  Measure the dominant sensation at 
each point of mastication and 
compared with key-attribute sensory 
profiling of two brands cooked 
differently. 
Crunchiness, juiciness, and perception of different 
textures were dominant at early stages, while bolus and 
swallowing were dominated at the last stage. 
TDS is less consuming time and useful tool to provide 
the changes of perception over time. 
(Albert, Salvador, 
Schlich, & Fiszman, 
2012) 
polenta stick Define the sensory profile of a new 
product (polenta stick) and verify the 
acceptability of product during 
consumption 
Crunchiness and creaminess were the first dominant 
sensation while graininess appear at the last stages of 
consumption. 
TDS profile were qualitatively the same for all samples, 
but the strength are varied. 
(Rossella Di Monaco, 
Nicoletta Antonella 
Miele, Stefania Volpe, 
Paolo Masi, & Cavella, 
2016) 
Bread Understand bolus formation, texture 
and salty perception of three different 
breads 
Texture and salty perceptions were largely influenced by 
bread structure and texture.  
(Panouillé, Saint-Eve, 
Déléris, Le Bleis, & 
Souchon, 2014) 
Biscuits  Reformulation by adding fibre and 
reducing the fat and study the impact 
on texture perception during 
consumption  
The fat and fibre levels modulated the dominance of the 
textural sensations. High fibre and low-fat formulations 
were dominated with dry mouthfeel (mid mastication 
stages) and pastiness (end of consumption). Crispiness 
and fat mouthfeel were not perceived as dominant. 
(Laguna, Varela, 
Salvador, & Fiszman, 
2013) 
Mozzarella  Develop an acceptable Mozzarella 
with reduced sodium content using a 
mixture of salts 
TDS is a tool that able to describe the sensory profile of 
reduced-sodium Mozzarella and optimize the 
formulation up to 54% less salt with good acceptability 
(J. F. Rodrigues, 
Goncalves, Pereira, 
Carneiro, & Pinheiro, 
2014) 
Butter  Evaluate the possibility to develop 
reduced-salt butter using various 
sodium chloride replacers 
The dominant profile sensations of the salt used in this 
study showed that among other salts glutamate appears 
to have the greatest potential to replace sodium chloride 
without any undesirable taste. The predominant 
sensation perceived are umami, sweet and salty  
(V. R. de Souza et al., 
2013) 
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2.5.3. Tribology and rheology measurement in correlation with TDS 
The quality of a food product could be evaluated through analytical test and instruments, but the 
definitive test of the quality of food product is through its acceptance and liking by consumers. The study 
of in-mouth sensory perception has a key role in elucidating the way food microstructures behave within 
the mouth. Several studies have found that spreadability and creaminess of the cream cheese are essential 
as they relate to product acceptance. According to Richardson-Harman et al. (2000), consumers consider 
a product creamy when it has a high-fat content, viscous, slippery, greasy, and mouth-coating texture. In 
other words, creaminess is highly related to thickness and smoothness – both are depended on physical 
viscosity and frictional forces. The correlation between instrumental analysis and sensory characteristics 
will be useful to redesign low-fat cream cheese to have particularly desirable sensory attributes. Few 
studies have related the sensory properties of cream cheese products to microstructure and instrumental 
measurements (Janhoj et al., 2009; Jeon et al., 2012; Johansen et al., 2008; Kalab et al., 1981; Wendin et 
al., 2000). 
 
2.5.3.1. Tribology measurement 
Various approaches to understand the oral processing has been attempted by applying physical 
measurements, such as texture analysis and rheology to the food materials. An important sensory attribute 
of dairy products is the perceived creaminess or fat film formation which relates to the amount of fat 
content. Creamy perception was initially related to the apparent viscosity of the product, but it is 
increasingly evident that sensory properties of emulsions cannot be fully described by bulk rheology (A. 
Chojnicka-Paszun, de Jongh, & de Kruif, 2012; Dresselhuis et al., 2007). Tribology measures the friction 
coefficient as a function of speed, which can be presented in Figure 2.6. as a Stribeck Curve with 3 
regimes namely: boundary regime, mixed regime and hydrodynamic regime (Prakash, Tan, & Chen, 
2013). During consumption, food is rubbed between the tongue and the palate, forming a thin film on the 
oral mucosa that experiences friction forces.  
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Figure 2.6. A Stribeck curve and its three regimes (adapted from Prakash et al. (2013)) 
 
The behaviour of the food, when squeezed and sheared between the moving surfaces of the tongue and 
the palate, can be characterised through tribological tests. Tribology can be measured with a rheometer, 
using a parallel plate with an annular disk attached to the Peltier plate. Prakash et al. (2013) have 
summarized the different types of tribometer systems used in food studies. Friction tester is the most 
common basic equipment developed in the last decade but it does not resemble human oral palate-mouth. 
In the last 5 years, although mini-traction machine (MTM) is found to be the latest technology allowing 
accurate frictional measurements, Nguyen et al (2016) has developed a new simple set-up of tribometer 
which able to measure the friction and provide more information related to lubrication properties. A 
validation of this instrument have been made and applicable for a different range of food products from 
liquid (milk) to semi-solid (yogurt and cream cheese). More recent studies have used a tribometer to 
measure the friction coefficient of food systems, such as milk and protein dispersion with varying fat 
level (Agnieszka Chojnicka-Paszun, 2009; Agnieszka Chojnicka-Paszun & de Jongh, 2014; A. 
Chojnicka-Paszun et al., 2012), corn syrup solutions (Goh, Versluis, Appelqvist, & Bialek, 2010), dairy 
drinks, chocolate and carbonated drinks (Debon, Vanhemelrijck, Baier, & Guthrie, 2010), yogurt, 
custard, and other semi-solids product such as cream cheese (Godoi, Bhandari, & Prakash, 2017; Nguyen, 
Kravchuk, Bhandari, & Prakash, 2017). 
 
Currently, a growing research related on tribology is not only focusing on lubrication and Stribeck curves 
but also trying to link with the sensory perception such as creaminess, graininess, and mouthfeel in 
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different food products. Increasing the fat and protein levels resulted in reduced the friction coefficient 
of yogurt and the models develop by Sonne, Busch-Stockfisch, Weiss, and Hinrichs (2014) are correlated 
well with the sensory attributes. Moreover, a tribology model consist of four zones measured by using 
ring-on-plate tribo-rheometry and transpore surgical tape also has been suggested by Nguyen et al. (2017) 
in low-fat pot set yogurt. In another study on lubrication behaviour of chocolate during oral processing, 
S. A. Rodrigues et al. (2017) found that the quantity of saliva and the uniformity of mixing in the mouth 
affect the viscosity and friction coefficient due to the reduce of solid particles size (sugar and cocoa).  
 
2.5.3.2. Rheology measurement 
Food rheology is important in the manufacturing of cheese. Food rheology is the study of the consistency 
and flow of food under specific conditions and is important in determining food texture. Consumer 
acceptability of cream cheese is often determined by its texture, mainly its spreadability and creaminess. 
Cream cheese is categorized as a viscoelastic material with both solid-like (elastic) and fluid like 
(viscous) behaviours (Zulkurnain et al., 2008). Quality of cream cheese is determined by its spreadability 
and creaminess characteristics which have a positive correlation with product acceptance. Viscoelastic 
properties are very useful to differentiate structures in food products such as cheese, yogurt, and cream 
cheese and related products. The rheological properties of cream cheeses can be determined by dynamic 
small-amplitude oscillatory rheology. The difference of cheese structure including bond formation and 
subsequent alteration was observed through measurements within the linear viscoelastic region (LVR) 
(Brighenti et al., 2008). By subjecting the samples to a small amplitude oscillation within its (LVR), the 
internal structure of the material could be resolved to the elastic component (storage modulus, G’) and 
the viscous component (loss modulus, G”) (Gunasekaran & Ak, 2002).  
 
Some researchers have found that thickness and smoothness are dependent on viscosity and frictional 
forces. Consumer perception of creaminess is when a product contains high-fat content and the texture 
become viscous, slippery, greasy, and gives an oily mouth-coating/feel. To improve textural and 
organoleptic properties of low-fat products, some hydrocolloids are often used as a fat replacer. 
Maltodextrin and pectin have been evaluated as a fat replacer in the low-fat product. Stabilizer or fat 
replacer that are added to cream cheese is not more than 0.5% and usually a combination of locust bean 
gum, guar gum, xanthan gum, sodium alginate, and carrageenan (Phadungath, 2005). Roland, Phillips, 
and Boor (1999) used maltodextrin to produce fat-free ice cream and obtained a texture and creamy 
flavour similar to the ice cream containing 10% fat. Alina Krzeminski, Katharina Angelika Prell, 
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Mechthild Busch-Stockfisch, Jochen Weiss, and Hinrichs (2014) developed a skim yoghurt using pectin 
as fat replacer that improved texture and reduced whey separation. Moreover, Johnson et al. (2009) also 
stated that the difference in the proportion of pectin, salt and maltodextrin added in each formulation 
affect the moisture content of processed cheese spreads and changed the viscoelasticity of final product. 
 
2.5.3.3. Texture profile analysis measurement 
The texture measurements of cream cheese samples can be done using a Texture Analyser. The “Texture 
Profile Analysis (TPA)”, allows plotting of a force-time curve and analyses of the curve leads to the 
extraction of different texture parameters namely, hardness/firmness, cohesiveness, adhesiveness, 
springiness, gumminess, and chewiness as seen in Figure 2.7 (Bourne, 2002). By using double 
compression test for determining the texture attributes, samples are compressed twice to provide insight 
into how samples behave when chewed. The TPA test is often called the ‘two bite test” because the 
texture analyser mimics the mouth’s biting action. Previous research on cream cheese with different fat 
levels suggest a significant influence of fat on the texture of cream cheese (Brighenti et al., 2008). Low-
fat cream cheese (LFCC) was characterised as having a firmer texture and less spreadable than those 
with full-fat cream cheese (FFCC). Firmness of cream cheese is determined by penetration test using a 
Texture Analyser. The maximum force (Hardness 1) was described as penetration hardness that is the 
maximum force at which the probe was at its maximum penetration depth. 
 
Figure 2.7.  Texture profile analysis curve (Adapted from Bourne (2002)) 
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2.5.3.4. Microstructure measurement 
Cream cheese physical and sensory characteristics, as an emulsion-based food product, is determined by 
the interaction of the various components within the product. The fat-casein network provides firmness 
or solid-like behaviour to products such as margarine or spreads. Many research has been done to get 
information about the size, shape, aggregation state, and location of the various components in food 
emulsion. The technique that is widely used nowadays to visualize microstructure of a food product 
includes optical microscopy, confocal laser scanning microscopy (CLSM) and electron microscopy 
(SEM and TEM).  
 
CLSM is widely used to study the microstructure of food product, because of its ability to visualize and 
chemically differentiate between lipid, protein and other components using specific stains. Consequently 
extrinsic fluorochromes must be used such as Acridine Orange, Nile Blue, fluorescein isothiocyanate 
(FITC), Rhodamine B and Fast Green FCF to stain protein and Nile Red to stain fat (Auty, Twomey, 
Guinee, & Mulvihill, 2001; Heilig, Göggerle, & Hinrichs, 2009; Lopez, Camier, & Gassi, 2007; Lorén, 
Langton, & Hermansson, 2007; Øiseth & McKinnon, 2006; Zisu & Shah, 2005). Many research has been 
done to examine the microstructure of cheese product. Malin and Tunick (1995) use Rhodamine B as the 
fluorescence dye because it is soluble in water and does not alter the fat distribution when cheese is 
soaked in this solution. In this case, Rhodamine B will color the protein and the fat globules will appear 
as a non-fluorescing black hole. Hahn et al. (2012) have successfully observed the particle size 
distribution in fresh cheese by using Rhodamine B as a protein dye. Another fluorescent dye is Nile Red 
which also used as a lipid-soluble dye in multiple labeling. Research using CLSM with cream cheese 
have examined the effect of heat treatment, pH, fat content, homogenisation pressure and salt content of 
cream cheese microstructure (Coutouly et al., 2014; Wendin et al., 2000).  
 
Electron microscopy has become one of the method chosen by many researcher to investigate the 
structure of cheese component (Cunha et al., 2010; Hussein & Shalaby, 2014; Ashkan Madadlou, 
Mousavi, Khosrowshahi asl, Emam-Djome, & Zargaran, 2007; Sainani et al., 2004) especially when fat, 
protein, and moisture are the major constituents (Hussein & Shalaby, 2014). With the used of the electron 
beam to magnify the samples, the resulting images are clear with a structural detail to distinguish between 
protein, fat, starch, cellulose and other components. There are two major electron microscopy – scanning 
electron microscopy (SEM) and transmission electron microscopy (TEM). It can be inferred from the 
SEM images, that the structure of cheese matrix, as well as the size, the shape, the amount of particles 
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dispersed within the matrix, and how they were connected, are related well with its textural properties as 
observed by Cunha et al. (2010). Rahimi, Khosrowshahi, Madadlou, and Aziznia (2007) reported the 
structural changes of low-fat Iranian White cheese with the addition of gum tragacanth compared with 
the full-fat counterpart. Moreover, Sainani et al. (2004) also found that the particles shapes responsible 
for gritty cream cheese were varied, from being elongated, near spherical, to irregular, with a compact 
protein matrix. However, to get better images with higher magnification and resolution, imaging under 
TEM can be applied. Although the microstructural studies on cream cheese texture are growing recently, 
very limited information can be found regarding the use of electron microscopy (SEM and TEM) on 
reduced-fat cream cheese. 
 
2.5.3.5. Particle size distribution measurement  
In the food industry, the texture of fat-containing products strongly depends on the microscopic and 
macroscopic structure of the network between fat and other components in the final product. Product 
attributes such as spreadability, hardness and work softening are determined by the shape and size of the 
individual fat crystals and the way in which these fat crystals interact to form clusters, agglomerates, and 
networks (Pothiraj, Zuniga, Helene, Sylvie, & Le-Bail, 2012). Fat is present in cheese either as small 
globules (2 µm in size), aggregates of globules, or as large globules of fat (10-50 µm in size) that are 
trapped within the protein matrix. The size of fat globules will impact the texture. Fat globules physically 
interfere with the integrity of the casein matrix and soften the texture. Knowledge of particle 
characteristics, such as size and charge, is often critical in understanding the properties of emulsion-
based food products.  
 
The particle size distributions (PSD) can be measured with a Mastersizer 2000. Particle size distribution 
by laser diffraction provides indirect size measurements of spherically equivalent particles, based on the 
principle that particles of a given size diffract light through a given angle that increases logarithmically 
with decreasing size. This laser diffraction particle size analyser is designed for measuring particle sizes 
in the 0.02 to 2000 μm range by using a blue (488.0 μm wavelength LED) and red (633.8 μm wavelength 
He-Ne laser) light dual-wavelength, single-lens detection system. The light energy diffracted by the 
dilute suspension circulating through the cell is measured by 52 sensors. The light intensity adsorbed by 
the material is measured as obscuration and indicates the amount of sample added to the dispersant liquid. 
Light scattering data are accumulated in 100 size fractions bins, which are analysed at 1000 readings per 
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second, and compiled with Malvern’s Mastersizer 2000 software by using either full Mie or Fraunhofer 
diffraction theories.  
 
2.6. Probiotic and functional cream cheese  
In recent years, there has been a tremendous increase in the demand for functional food due to the higher 
expectancy of life from the consumer perspective. Although the food industry facing a big challenge to 
develop functional foods which are match with consumer preferences, many functional products such as 
confectionery, sausage, soft drink and beverages, bakery, baby-food, yogurt, ice cream, and chocolate 
have been released in the market (Bigliardi & Galati, 2013; Menrad, 2003). The functionality of these 
products is could be due to the addition of functional ingredients such as prebiotic and/ or probiotic, or 
because of these foods has a minimum adverse effect on health problems. However, related with probiotic 
bacteria, the product must have a minimum viable cell of 106-107 CFU/g (Castro, Tornadijo, Fresno, & 
Sandoval, 2015; Tripathi & Giri, 2014) at the time of consumption to provide the health benefits. Many 
factors such as compositional and processing methods significantly affected the viability of probiotics. 
It also has been reported by de Vos, Faas, Spasojevic, and Sikkema (2010) that many of these probiotic 
food products were contained less viable bacteria than the recommended levels.  
 
Table 2.3. Application of probiotic in various type of cheese 
Probiotics Cheese type Viability after storage References 
L. casei ATCC 373, L.  
rhamnosus GG ATCC 53103, L. 
bulgaricus, L. acidophilus, 
Bifidobacterium spp. and 
Streptococcus thermophilus 
Cottage 
cheese 
>106 CFU/g after 28 days of 
storage at 8°C 
(Abadía-García et al., 
2013) 
Bifidobacterium animalis Bb-12 
and L. acidophilus La-5 
Cream 
cheese with 
inulin 
>106 CFU/g (Bifidobacterium 
animalis Bb-12) and 103-105 CFU/g 
(L. acidophilus La-5)  after 45 days 
of refrigerated storage 
(Alves et al., 2013) 
Lactobacillus paracasei Cream 
cheese with 
inulin 
107 CFU/g after 21 days of storage 
at 4°C 
(Buriti, Cardarelli, 
Filisetti, & Saad, 
2007) 
Bifidobacterium longum 15708 
(free and encapsulated) 
Cheddar 
cheese 
103 CFU/g (free cell) and 105 
CFU/g (encapsulated cell) after 21 
days of storage at 4°C 
(Amine et al., 2014) 
Bifidobacterium animalis ssp. 
lactis Bb-12 and 
Bifidobacterium longum 
DJO10A 
Cheddar 
cheese 
106 CFU/g for Bifidobacterium 
animalis ssp. lactis Bb-12 after 15 
weeks of storage at 8°C 
(Scheller & 
O'Sullivan, 2011) 
B. longum 1941, Lb. casei 279, 
Lb. acidophilus 4962, B. 
animalis B94, Lb. casei L26, Lb. 
Cheddar 
cheese 
107-108 CFU/g after 28 weeks of 
storage at 8°C 
(Ong & Shah, 2009) 
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acidophilus L10, B. longum 
1941, Lb. casei 279 and Lb. 
acidophilus 4962 
Bifidobacterium spp, L. 
acidophilus, L. casei, L. 
paracasei, or L. rhamnosus 
Cheddar 
cheese 
107-108 CFU/g after 32 weeks of 
storage at 9°C 
(Phillips, 
Kailasapathy, & 
Tran, 2006) 
L. casei Low-fat 
cheddar 
cheese 
107 CFU/g after 3 months of 
storage at 8°C 
(Sharp, McMahon, & 
Broadbent, 2008) 
Lb. rhamnosus LbGG and SP1 Italico cheese >108 CFU/g after 40 days of 
ripening at 4°C 
(Blaiotta et al., 2017) 
Lactobacillus salivarius strains 
(CECT5713 and PS2) 
Fresh cheese 106 CFU/g after 28 days of storage 
at 4°C 
(Cardenas et al., 
2014) 
L. acidophilus Minas fresh 
cheese 
106-107 CFU/g after 14 days of 
storage at 5°C 
(C. H. B. De Souza, 
Buriti, Behrens, & 
Saad, 2008) 
Lactobacillus rhamnosus GG Pasta filata 
soft cheese 
>107 CFU/g after 15 days of 
storage at 4°C 
(Cuffia et al., 2017) 
Bifidobacterium animalis subsp. 
lactis BB-12 
Mascarpone 
cheese with 
inulin 
>107 CFU/g after 30 days of 
storage at 5°C 
(de Almeida et al., 
2018) 
Lactobacillus paracasei ssp. 
paracasei LBC-1 
Mozarella 
cheese 
107-108 CFU/g after 42 days of 
refrigerated storage 
(Ortakci, Broadbent, 
McManus, & 
McMahon, 2012) 
L. acidophilus, L. paracasei 
subsp. paracasei, L. rhamnosus, 
Bifidobacterium animalis, and 
Propionibacterium 
freudenreichii subsp. shermanii 
French onion 
dip cheese 
based 
>106 CFU/g after 10 weeks of 
storage at 4°C 
(Tharmaraj & Shah, 
2004) 
Lactobacillus acidophilus LA-5 
and Bifidobacterium bifidum 
BB-12 (non-encapsulated and 
encapsulated) 
Kasar cheese 107 CFU/g (non-encapsulated) and 
107-108 CFU/g (encapsulated) after 
90 days of storage at 4°C 
(Zer, Uzun, & 
Kirmaci, 2008) 
 
Compared to other fermented products, cheese has shown to be a potential probiotic food carrier due to 
the low moisture content, higher pH and buffering capacity for probiotics, solid and consistent matrix, 
relatively higher fat content and longer storage times at 4-8°C (Castro et al., 2015). Therefore, research 
are now expanded to investigate the effect on incorporation of probiotic in different types of cheese such 
as Cheddar cheese (Ong & Shah, 2009; Phillips et al., 2006), Mozzarella cheese (Ortakci et al., 2012), 
Pasta filata soft cheese (Cuffia et al., 2017), Mascarpone cheese (de Almeida et al., 2018), cottage cheese 
(Abadía-García et al., 2013) and cream cheese (Alves et al., 2013; Buriti et al., 2007).  As can be seen 
from Table 2.3, there are a growing research on incorporating prebiotics and using an encapsulation 
technique in order to maintain the number of probiotics in final products until it being consumed. Foods 
including cream cheese that contain both ingredients (prebiotics and probiotics) which provide 
synergistic effect are often called as synbiotics (Buriti et al., 2007). 
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2.6.1. L. rhamnosus as a probiotic culture 
There are specific requirements need to fulfill in selecting a suitable probiotic bacteria in dairy product. 
Generally, the predominant probiotic bacteria applied in dairy product are from Lactobacillus and 
Bifidobacterium (Tripathi & Giri, 2014). Both are found naturally in fermented dairy product and have 
higher survivability at low pH and high osmotic condition such as cheese. It can be inferred from Table 
2.3 that Lactobacillus casei, Lactobacillus acidophilus, Lactobacillus paracasei, Lactobacillus 
rhamnosus, Bifidobacterium longum, Bifidobacterium bifidum, Bifidobacterium animalis are the most 
common probiotic strain that being incorporated in cheese because they showed good viability after 
exposing to different processing conditions. In cheese based dips, Bifidobacterium animalis able to 
survive up to 10 weeks of storage time at 4°C, while L. rhamnosus remain viable above the minimum 
suggestion amount (>107 CFU/g) in Cheddar cheese, Cottage cheese and cream cheese after storage at 
different temperature (Table 2.3). These criteria are important so that the cheese can be classified as 
probiotic cheese.  
 
L. rhamnosus belongs to mesophilic bacteria and may grow at temperatures below 15°C or above 40°C. 
When all the conditions is optimum, the cell grows as rods, single rods or in short chain, with the length 
in the range of 2 to 4 µm (Valík, MedveĎová, & Liptáková, 2008). The metabolism pathway of L. 
rhamnosus is facultative heterofermentative which make it possible to produce acetate, diacetyl and 
acetoin that contributed to specific flavour note in cream cheese (Jyoti, Suresh, & Venkatesh, 2003). As 
a probiotic, L. rhamnosus exhibited good resistance to low pH (gastric), survive over the intestinal 
passage, and able to adhere to intestinal mucus. To date, research on probiotic cheese is growing due to 
suitability matrix and environment for probiotic carrier (Table 2.3). However, many of them are focusing 
on cheddar cheese, mozzarella, and cottage cheese while there are no references were found on cream 
cheese with probiotic L. rhamnosus.         
 
2.6.2. Encapsulation of probiotic cream cheese  
Microencapsulation of the probiotic cell is a technique to protect the bacteria from the external conditions 
and enhance their resistance during processing or during their passage through the gastrointestinal tract 
(Martin, Lara-Villoslada, Ruiz, & Morales, 2015). This method involves a process to perform a coating 
around the inner matrix consist of living bacteria. One common method that has been developed by 
Sohail, Turner, Coombes, Bostrom, and Bhandari (2011) is a continuous encapsulation process to create 
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alginate microbeads with a diameter less than 40 µm. However, this protective material should be tested 
in different food matrix with ranges of environmental conditions. The lower pH and higher oxygen levels 
are one of the limited conditions to deliver probiotic in fermented milk and yogurt, but it has been 
reported that the survival and viability of probiotic bacteria in yogurt after storage is increased due to the 
microencapsulation process using different polymers (Kailasapathy, 2006). The number of encapsulated 
probiotic Lactobacillus paracasei in Mozzarella cheese also remain stable after 42 days of storage 
(Ortakci et al., 2012), similar results as in Cheddar cheese (Sharp et al., 2008). Indeed, Amine et al. 
(2014) also reported less reduction of B. longum in Cheddar cheese, encapsulated with palmitoylated 
alginate (PA) emulsion after 21 days of storage. Moreover, after 90 days of storage, the encapsulated 
probiotic B. bifidum BB-12 and L. acidophilus LA-5 in Kashar cheese showed a high viability of cells 
with a metabolic activity which is not influence its sensory properties (Zer et al., 2008).    
 
2.7. Conclusions from the literature review 
From this literature review, it is clear that: 
 There are some researches focusing on characterizing the texture, rheological and sensory 
characteristics of cream cheese. To the best of our knowledge, there are only 13 reported studies that 
have researched cream cheese. Among these 13 reported works, 5 have highlighted the role of 
reducing fat content on textural and sensory perception of cream cheese. However, the interaction 
of food structure (microstructure), and textural perception especially related to oral perception is 
poorly understood. 
 The incorporation of carbohydrate-based fat replacers (inulin, hydrocolloid, and carrageenan) to 
make low-fat cheese has been discussed in previous research, but there is no information on the use 
of β-glucan and plant sterol to replace the fat content in low-fat cream cheese. Hence this research 
will focus on understanding the interactions between β-glucan, plant sterols, casein micelles and fat 
content on the textural, frictional and microstructure of low-fat cream cheese. 
 Although most work on cream cheese has focused on factors that determine mechanical (rheological 
and textural) and sensory properties of foods, very less attention has been paid to linking food 
transformations that occur during oral processing with sensory texture perception. So through this 
research, the dynamic phenomenon of texture perception of cream cheese will be investigated by a 
trained sensory panel using Temporal Dominance Sensation (TDS) method. 
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 It is hypothesized that incorporating β-glucan and plant sterol will generate a healthy cream cheese, 
however, the efficacy of the two ingredients as functional ingredients in low-fat cream cheese has 
not been established which will be investigated in this research.  
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Chapter 3.  
 
A tribological analysis of cream cheeses manufactured with different fat content (*) 
 
Abstract 
Fat globules interspersed in the protein network have a major role in cream cheese texture that greatly 
impacts on its consumer acceptability. This study investigated the effects of fat content on the lubrication, 
rheological, and structural characteristics of cream cheeses manufactured with 0.5, 5.5 and 11.6 % (w/w) 
fat content respectively. All three cheese samples showed viscoelastic, non-Newtonian and shear 
thinning behaviour. The fat contents are shown to affect tribological behaviour and their high-speed 
regimes correlated well with the bulk rheology (viscosity). The low-fat content was associated with 
higher friction, firmer texture and reduced spreadability of the cream cheese, due to fewer fat globules 
being interspersed in the protein matrix which was also confirmed from confocal images.    
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(*) This chapter has been published as a research paper in the International Dairy Journal (IF = 2.201): 
NINGTYAS, D. W., BHANDARI, B., BANSAL, N., & PRAKASH, S. 2017. A tribological analysis of cream 
cheeses manufactured with different fat content. International Dairy Journal, 73, 155-165. The manuscript was 
modified to keep the format consistent throughout the thesis. 
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3.1. Introduction  
Cream cheese is an unripened cheese made from cream, or a mixture of cream and milk, by acidification 
with a mesophilic culture and rennet as a coagulant. Cream cheese is rich in fat and milk proteins - caseins 
and whey proteins (Phadungath, 2005). As per FDA regulations, cream cheese should have a minimum 
of 33% fat and a maximum of 55% moisture content (FDA, 2015).  Traditional cream cheese is 
characterised by a soft, creamy and spreadable texture, smooth consistency, white to slightly yellow in 
colour, and a mildly acidic taste with a diacetyl flavour.  It is commonly consumed as a spread or a dip. 
The texture of cream cheese is an important factor in its acceptability by consumers and it is expected to 
be rich, smooth and free from lumps and grittiness that’s contributed by the high-fat content. However, 
the current trends are shifting towards low-fat products, because of the association of high-fat with 
lifestyle-related diseases, particularly hypercholesterolemia. This has prompted food companies to 
produce low-fat cream cheese. However, low-fat foods generally lack the mouthfeel and flavour 
associated with their traditional counterparts, as fat content strongly influences the overall sensory 
characteristics of the final product. Consequently, the food industry is facing a big challenge in satisfying 
consumer demand for healthy foods with similar taste, texture and aroma like the high-fat product.  
 
Texture is based on a group of physical properties that originate from the structure of food and the way 
its constituents interact (Pereira, Gomes, & Xavier Malcata, 2009). Cream cheese structure has a 
continuous protein gel network (composed of protein, water, and dissolved solids), disrupted with 
interspersed fat globules. Cream cheese texture is influenced by processing conditions such as 
homogenisation, pH, temperature of heat treatment after fermentation, basic composition (mainly the 
proportion of protein and fat content), moisture content, and the addition of salt or hydrocolloids. 
Brighenti, Govindasamy-Lucey, Lim, Nelson, and Lucey (2008) studied the oral perception and textural 
attributes of commercial spreadable cheeses and suggested that fat influences the sensory attributes 
associated with in-mouth textural and mouthfeel sensation of panelists, and its spreadability. In the 
studies on sensory characteristics of cream cheese with varying fat content, texture was found to be more 
important than taste and flavour in differentiating the samples (Bayarri, Carbonell, & Costell, 2012; 
Wendin, Langton, Caous, & Hall, 2000). Therefore, understanding the structural differences between 
high-fat and low-fat cream cheese is essential in order to determine how the texture of low-fat cream 
cheese can be designed to be similar to that of high-fat cream cheese.  
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Rheology determines the textural properties, such as viscoelasticity, yield stress, and flow behaviour of 
semi-solid products. Many researchers have characterised the functional properties of cheese and 
modified its structure, based on rheological measurements. Zalazar et al. (2002) studied the effects of 
moisture level and the addition of fat replacer on the melting behaviour of low-fat soft cheese; they 
observed differences in rheological behaviour for low- and full-fat samples. Lee, Anema, and 
Klostermeyer (2004) also observed differences in shear thinning and thixotropic behaviour for cheese 
with different levels of moisture content. The above studies indicate that G′ (storage modulus) and G″ 
(loss modulus) change in response to the composition of the cheese, and temperature. Bayarri et al. (2012) 
and Brighenti (2009) reported that the rheology of cream cheese is complex and a function of its 
microstructure, composition, macrostructure, and physicochemical state of its ingredients, as determined 
by processing methods.  
 
Fat plays an important role in oral sensations like smoothness, creaminess, astringency, etc., that cannot 
be described by Rheometer alone (Nguyen, Bhandari, & Prakash, 2016; Sonne, Busch-Stockfisch, Weiss, 
& Hinrichs, 2014). Thus there is a growing interest in tribology (the study of friction between two 
interacting surfaces) that helps provide an understanding of the mouthfeel aspects of food texture when 
food is in the form of a thin film. During oral processing, food acts as a lubricant, hence the frictional 
forces during in-mouth processing depends on the food properties. There are limited studies on the 
tribological measurement of dairy products, including cream cheese. From the previous result, it is clear 
that high-fat cream cheese has a lower friction coefficient due to the presence of fat, compared to low-
fat cream cheese. Thus, the main objective of this work was to investigate the lubrication or tribological 
properties of cream cheese with respect to its fat content. This research was designed to provide a greater 
in-depth understanding of the role of fat in modulating the texture, rheology, lubrication, and 
microstructure of cream cheese.  
 
3.2. Materials and Methods 
3.2.1 Materials 
Commercial pasteurised milk of varying fat content (3.4, 1.3 and 0.1% fat w/w), were used for 
manufacturing high-, medium- and low-fat cream cheese. The protein:fat ratio of the milk is 0.97, 2.62, 
and 34 for high-fat, medium-fat and low-fat milk, respectively. Freeze dried mesophilic culture (FD-
DVS R-704, Chr. HansenTM) and rennet 200 International Milk Clothing Unit/mL (IMCU/mL) from 
Chapter 3. A tribological analysis of cream cheeses manufactured with different fat content  
62 
 
Chy-max PLUSTM were used for acidification and coagulation during the process of manufacturing 
cream cheese. Table salt (natural sea salt) and cheese cloth were also obtained from local supermarkets.  
 
3.2.2 Cream cheese manufacture 
The procedure (Figure 3.1.) followed for cream cheese production with three different fat levels was 
adopted from Phadungath (2005). Pasteurised milk was heated to 28 °C in a waterbath, and then starter 
culture (0.06 g/1.5 L) and rennet were added. The fermentation continued for 15 hours until a soft firm 
curd formed (pH 4.6 to 4.7) following which the curd was cut and heated to 55 °C for 15 min to allow 
separation of whey. Subsequently, the curd was drained using a colander lined with cheese cloth and left 
for 5 hours at ambient temperature and finally pressed for 5 min. The cheese curd was then weighed, and 
mixed with salt (0.5 % w/w) using a food mixer (HomemakerTM, GS-6118, 220-240 V, 50-60Hz, 450W) 
set at speed 1 for 2 min. The cream cheese was then transferred to plastic containers and immediately 
stored at 4 °C until further analysis. 
 
3.2.3 Compositional analysis 
3.2.3.1. Moisture determination  
The moisture content of the cream cheese was directly measured using a moisture analyzer balance 
(Ohaus Halogen, MB 45), with 3 grams of samples being distributed homogenously on an aluminum 
drying pan (Oommen, Mistry, & Nair, 2000). The balance has a halogen dryer unit that operates on the 
thermogravimetric principle determining the moisture content from weight loss of a sample dried by 
heating. The heating process involves 2 steps:  step 1 – 130 °C for 5 minutes; step 2 – 105 °C for 1 
minute; following which the moisture content was recorded. The weight loss per unit of time is set at 
A30, which means that if the mean weight loss is less than 1 mg loss in 30 seconds, the instrument 
considers drying is complete. The moisture content of non-fat solids (MNFS) was calculated as MNFS 
= % moisture / (100 - % fat). 
 
3.2.3.2. Fat and protein determination 
The percentage fat and total protein content in the three cheese samples were determined by the Gerber 
method and Micro-Kjeldahl method, respectively, as described in Giri, Kanawjia, & Rajoria (2014). 
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Figure 3.1. Schematic flow diagram of the low-, medium-, and high-fat cream cheese manufacturing 
process made from milk with fat content of 0.1%, 1.3% and 3.4%, respectively. 
 
3.2.4 Cheese yield 
Actual cream cheese yield was calculated as the percentage of cheese obtained from 1 kg of milk after 
pressing and adding 0.5 % of salt.  
Scalding 
 When curd reached pH 4.6±0.1 broken into pieces followed by heating to 55 ⁰C in 15 minutes  
Fermentation (~15 hours) 
Incubation in the waterbath at 25 ⁰C  
Rennet Addition 
 Mixing rennet (50 µL) with distilled water (0.75 mL) per 1 L of milk 
Starter Innoculation (Chr-Hansen R-704) 
 (0.06 g/1.5 L) addition to each batch 
Draining 
Curd ladled into a colander lined with cheese cloth and left to drain for 5 hours at ambient temperature 
Pressing 
Pressing the curd (13cm x 9cm) with 2 kg weight for 5 
minutes 
Salting 
Addition of 0.5 % salt (w/w) to the curd and mixed for 2 minutes 
Packaging 
1.5 L cheese milk per container 
 Milk with 0.1 % fat or 1.3 % fat or 3.4 % fat  
(for low-fat, medium-fat or high-fat cream cheese, respectively) 
Pre-warming  
Warming the milk in a waterbath at 25 ⁰C 
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Cream cheese yield (%) = (kg of cream cheese/kg of milk) x 100 
 
3.2.5 Particle size measurement   
The particle size distribution of cream cheese with different fat contents was measured with a Mastersizer 
2000 (Malvern Instruments), equipped with a red He-Ne laser beam (633 nm) and a blue light source 
(466 nm) using the method described by Michalski, Briard, and Michel (2001). Cream cheese samples 
were added directly to the sampling unit filled with distilled water at room temperature until 12 % laser 
obscuration was reached. A refractive index of 1.46 was used for the dispersed phase and 1.33 for water 
for the continuous phase. The diameter below which 90 % of the volume of particles are found, d(0.9) 
and the volume-weighted mean diameter [D(3.2)] were determined.  
 
3.2.6 Microstructural analysis  
The staining of the samples was done using the method described in Auty, Twomey, Guinee, and 
Mulvihill (2001) to image the microstructure of cream cheese samples using a confocal laser scanning 
microscope (CLSM). Fluorescent dyes, Nile Red (0.02 % dissolved in PEG200) and Rhodamine B (0.01 
% dissolved in PEG200), were used to stain the fat and protein phases of the cream cheese samples, 
respectively. Samples were imaged using a Zeiss LSM700 confocal microscope. Excitation was 
performed at 488 nm laser for the fat phase and at 555 nm laser for the protein phase. 
 
3.2.7 Textural Analysis 
Firmness, spreadability and adhesiveness of the cream cheese samples were determined using a Texture 
Analyser (TA-XTplus, Micro Stable System Co., UK). A cone-shaped acrylic probe (TA15/1000, 45◦ 
angle, 30 mm diameter), was used to apply 20 mm penetration on cream cheese samples with two 
successive compressions at a test and return speed of 1 mm.s-1 and trigger force of 4.0 g at a data 
acquisition rate of 100 points per minutes. The cream cheese samples were kept in 70 mL container 
(54x44 mm) and the measurements were made immediately after removal from the fridge (4 °C). The 
firmness, spreadability and adhesiveness were calculated as described in Bourne (2002).  
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3.2.8 Flow and gel behaviour  
The viscosity and gel behaviour of the cream cheese samples were measured using steady-state shear 
measurement. All measurements were carried out in a stress-controlled ARG2 rheometer (TA 
Instrument, USA) using 40 mm parallel plate geometry glued with flexOvit sand paper P240 (to avoid 
slip) at 1000 µm gap for the shear rate ranging from 0.1 to 1000 s-1. A solvent trap covers and a standard 
Peltier hood with solvent trap filled with deionized water were used to mitigate sample drying during the 
experiment. The sample was equilibrated at room temperature (22-25 C) for an hour before 
measurement. At the beginning of each test, the sample was equilibrated again at 35 C for 60 s between 
the parallel plates at the measurement gap.  
 
A strain sweep test from 0.01-100 % was carried out to determine the linear viscoelastic range at a 
constant angular frequency of 1 Hz. The gel behaviour (G′ and G″) of cream cheese samples was 
measured using a frequency sweep with a frequency ranging from 0.01-100 Hz at a constant strain of 0.1 
%, within the linear viscoelastic range. All tests were performed at 35 °C to simulate oral conditions and 
conducted triplicates.   
 
3.2.9 Lubrication behaviour 
Tribological measurements on cream cheese samples were done with a Discovery Hybrid Rheometer, 
using ring-on-plate tribo-rheometry (TA Instrument, USA) on a rough plastic surface of 3M Transpose 
Surgical Tape 1527-2 as described by Nguyen et al. (2016). To simulate the oral processing condition, 
tribology measurements were performed at 35 °C and at axial force 1, 2, 3 and 5 N. The samples were 
pre-sheared at 0.01 s-1 for 1 minute, and then equilibrated for another 1 minute before each measurement. 
The friction results between the tribo-geometry and the tape surfaces were recorded for rotational speeds 
from 0.01 to 100 s-1 with 20 points per decade. All tests were conducted in triplicate to obtain average 
values. 
 
In order to quantify the behaviour of friction the slope of each regime is defined by the following equation 
relationships as described by (Nguyen, Bhandari, & Prakash, 2016; Nguyen, Kravchuk, Bhandari, & 
Prakash, 2017): 
Boundary regime:     𝑓 = 𝑓𝑏       (equation 1) 
Mixed regime:     𝑓 = 𝑎𝑚𝑣 + 𝑏𝑚       (equation 2) 
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Hydrodynamic regime:    𝑓 = 𝑎ℎ𝑣 + 𝑏ℎ    (equation 3) 
 
where: 
𝑓𝑏 : boundary friction coefficient. The lower value of 𝑓𝑏, the higher low-speed regime of the sample  
𝑎𝑚 : slope of the mixed regime, which should be a negative number. The lower (more negative) value of  
𝑎𝑚, the higher medium-speed regime of the sample 
𝑎ℎ : slope of the hydrodynamic regime, which could be either negative or positive. The higher (more 
positive) value of 𝑎ℎ, the higher high-speed regime of the sample 
𝑏𝑚 and 𝑏ℎ : intercepts, which has a constant value 
𝑣 : sliding speed (mm.s-1) 
 
3.2.10 Statistical analysis 
Three fresh batches of cream cheese samples (low-fat, medium-fat, high-fat cream cheese) were 
prepared. All analysis was conducted in triplicate. The experimental data was collated and analysed using 
Minitab® 16 statistical package. The data were subjected to analysis of variance (ANOVA) using the 
general linear model (GLM) to determine significant treatments at a 5% level of significance. The results 
were reported as mean values for each attribute, and the Tukey’s test was performed for multiple 
comparisons of the treatments.  
 
3.3. Results and discussions 
This research investigated the effects of fat content on the tribological properties of cream cheese. 
However, in order to explain the frictional properties of cream cheese, conventional quality attributes 
like the composition, rheology, textural characteristics, particle size distribution and microstructure, were 
also determined. 
 
3.3.1. Compositional analysis and cheese yield 
The percentage of fat, protein, total moisture, moisture non-fat solids (MNFS), yield, and the moisture 
to protein ratio (M:P) of low, medium and high-fat cream cheese samples are presented in Table 3.1. A 
reduction in fat percentage in cream cheese significantly increases the percentage of protein and moisture 
but decreases the cheese yield. The yield was highest for high-fat cream cheese (24.6 %), followed by 
medium (16.9 %) and low-fat (15.8 %) cream cheese due to the increase of total solids as observed by 
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Hinrichs (2001). As the fat content of curd increases, it becomes increasingly difficult to expel moisture; 
consequently, an increase in M:P results in an increases in cheese yield (Law & Tamime, 2010). 
Similarly, the influence of fat and protein content in cheese yield were identified from previous research 
(Hinrichs, 2001; Lobato-Calleros et al., 2007). Moreover, these results are in agreement with those 
reported by Lee et al. (2004), who found a higher moisture content (73 %) in commercial low-fat 
processed cheese spread compared to their full-fat counterpart (44-60 %). 
Table 3.1. Composition and yield of cream cheese 
Variable Low-fat Medium-fat High-fat 
Fat (%) 
Protein (%) 
Total moisture (%) 
Moisture: protein (M:P)  
MNFS* (%) 
Cream cheese yield (%) 
0.5 ± 0.1c 
13.9 ± 0.7a 
75.2 ± 1.2a  
5.4 ± 0.3c 
75.6 ± 1.3b 
15.8 ± 0.1b 
5.5 ± 0.2b 
11.5 ± 0.5b 
71.9 ± 0.8b 
6.3 ± 0.3b 
76.1 ± 0.6b 
16.9 ± 0.1b 
11.6 ± 0.6a 
9.4 ± 0.4c 
70.6 ± 0.1b 
7.5 ± 0.3a 
79.9 ± 0.5a 
24.6 ± 0.9a 
MNFS*: Moisture Non-Fat Solids. Values are expressed as means ± SD. Samples with different letters between columns 
show significant difference according to Tukey’s pairwise comparison (P<0.05) 
 
In the manufacture of low-fat cheese, the percentage of MNFS is crucial for maintaining the texture 
(Guinee, Auty, & Fenelon, 2000; Johnson, Kapoor, McMahon, McCoy, & Narasimmon, 2009). Fat acts 
as a filler in the para casein network of cream cheese matrices, and physically limits the aggregation of 
protein and impedes syneresis (Fox, Guinee, Cogan, & McSweeney, 2000). Having less fat in the cheese 
curd tends to produce cheese with lower MNFS, even though the total moisture and protein content 
increases. In low-fat cream cheese, the fat is mainly replaced with moisture and protein. However, 
because the moisture does not replace the fat on an equal basis, there is a significant decrease in the 
MNFS as the fat level decreases (Rudan, Barbano, Joseph Yun, & Kindstedt, 1999). This was also 
observed in this study (Table 3.1), with low-fat cream cheese having a lower percentage of MNFS (75.6 
%) compared to high-fat cream cheese (79.9 %). Also, as the fat content in cheese is reduced, moisture 
content increases and protein plays a greater role in texture development, resulting in a harder cream 
cheese texture (Johnson et al., 2009). The hard texture of low-fat cream cheese, even though the moisture 
content is significantly higher than in high-fat cheese, is due to the continuous matrix of protein. This is 
discussed in section 3.3.3.   
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3.3.2. Particle size distribution of cream cheese  
The three cream cheese samples (low, medium and high-fat) showed a monomodal distribution (Figure 
3.2a). The largest particle size in high- and medium-fat cream cheese was < 100 µm, while the particle 
size in low-fat cream cheese ranges from 2.82 - 1995.46 µm. Since the mean size of fat in milk is only 
around 2 µm (Figure 3.2b), the presence of large particle size in low-fat cream cheese probably reflects 
a contribution of fat aggregated with casein. The higher ratio of casein to fat contributes higher tendency 
of coalescence, as reported by Johansen, Laugesen, Janhøj, Ipsen, and Frøst (2008). Alternatively it is 
possible that the increased protein content, form large aggregates of firm particles, due to fat-casein 
interaction (more details in section 3.4) that is difficult to disperse in solution (Liu, Xu, & Guo, 2007) as 
confirmed by large D[3.2] and d(0.9) values (Table 3.3). All samples are significantly different (P<0.05) 
in D[3.2] values with low-fat cream cheese having a larger size (18.2 ± 1.9 µm) compared to medium 
and high-fat cream cheese. 
  
(a) 
 
(b) 
Figure 3.2. Particle size distribution of (a) cream cheese (CC) and (b) milk with varying fat levels 
 
3.3.3. Microstructure 
The texture of cream cheese with varying fat content is reflected in its microstructure and image analysis, 
as seen in Figures 3.3 (a-c).  The images clearly indicate a change in the cheese structure as a function 
of fat content. In general, the matrices of cream cheese appear as aggregates of the protein-water matrix, 
containing a small number of large and unevenly dispersed fat globules acting like fillers (Monteiro, 
Tavares, Kindstedt, & Gigante, 2009). 
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(a) (b) (c) 
Figure 3.3. Confocal micrographs of cream cheese samples (a) high-fat (b) medium-fat, (c) low-fat, with 
Nile Red and Rhodamine B for staining fat (green) and protein (red), respectively. 
 
As seen in Figure 3.3(a), the high-fat cream cheese is characterised by a protein gel particle matrix (red) 
interspersed with fat globules (green) of various sizes and shapes. With low and medium-fat cream cheese 
(Figure 3.3(b) & (c)), fat occurs as uniformly dispersed discrete globules with little evidence of clumping. 
The microstructure of cream cheese containing 11.6 % fat is distinctly different from cream cheese with 
5.5 % and 0.5 % fat. The high-fat cream cheese had more intact milk fat globules which also aggregate, 
resulting in large fat globules, while in low-fat cream cheese predominantly intact milk fat globules are 
seen. This result is similar with Wendin, Langton, Caous, & Hall (2000) which also observed larger fat 
globules in cream cheese matrix as the fat content increases.   
 
A reduction in fat content resulted in a decrease in the number of fat globules, therefore low-fat cream 
cheese had a more compact protein matrix with less open spaces that would have been occupied by milk 
fat globules. Figure 3.3(c) clearly confirms the dense and compact protein network around the fat 
globules in low-fat cream cheese compared to medium and high-fat cream cheese (Figure 3.3(a) & (b)). 
Since the fat globules are fewer and smaller in size and distributed evenly within the dense protein 
network, it is difficult for the agglomeration of fat globules to occur in low-fat cream cheese where the 
massive protein matrix keeps the small fat droplets well dispersed. The consequence of the protein-
dominated structure of low-fat cream cheese is a compact, firm and rubbery body and texture (more 
details in section 3.3.4) similar to the results obtained by Wendin, Langton, Caous, & Hall, 2000 with 
low-fat cream cheese. Even the high moisture content of the cheese did not soften the protein matrix 
(Tables 3.1 and 3.2). In contrary, as the amount and size of fat increase, the clumping and coalescence 
of fat globules become more evident. This will soften the texture of high-fat cream cheese, as the fat 
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droplets disrupt the protein matrix as explained by Romeih, Michaelidou, Biliaderis, and Zerfiridis 
(2002).  
 
3.3.4. Textural properties 
The firmness, spreadability and adhesiveness of the three cream cheese samples in relation to texture 
profile analysis (TPA) are presented in Table 3.2. Fat content significantly affects the firmness and 
spreadability of cream cheese, an increase in fat content makes the cream cheese more spreadable, 
reducing the firmness and stickiness of the cheese. 
  
Table 3.2. Effect of fat content on the textural parameter values of cream cheese 
 
Values are expressed in means ± SD. Samples with different letters between rows show significant difference according to 
Tukey’s pairwise comparison (P<0.05) 
 
The texture of high-fat cream cheese was softer (firmness score of 1.3 N) compared to low and medium-
fat cream cheese (firmness scores of 3.1 N and 1.7 N), although the moisture content was lower (Table 
3.1). This is due to the interspersed fat within the protein network breaking the protein matrix and acting 
as a lubricant to provide a softer texture (Romeih et al., 2002). In our study, the hardness was significantly 
higher (P<0.05) in cream cheese formulations with reduced fat content, resulting in a firmer texture 
(Table 2). A decrease in fat content is accompanied by a significant increase in protein and a decrease in 
M:P ratio (Table 3.1) which results in the cream cheese matrix becoming more rigid, with a stronger 
para-casein network (Figure 3.3 (c)) and hence a firmer texture. This tendency is in line with the previous 
study on low-fat fresh Kashar cheese (Koca & Metin, 2004). 
  
The adhesiveness of cream cheese increased with a decrease in fat content. Adhesiveness reflects the 
sticky characteristics of food materials. In this study, the adhesiveness of high-fat cream cheese was 
significantly different (P<0.05) from low-fat and medium fat cream cheese (Table 3.2). The low-fat 
cream cheese was more sticky (2.8 N.s-1) to the testing probe surface than medium-fat (2.7 N.s-1) and 
high-fat cream cheese (1.1 N.s-1). This phenomenon is possibly due to increased hydrophobicity by the 
presence of higher amount of fat in the product (Hennelly, Dunne, O’Sullivan, & O’Riordan, 2006). 
Types of cream cheese Firmness (N) Spreadability (N.s-1) Adhesiveness (N.s-1) 
Low-fat 
Medium-fat 
High-fat 
3.1 ± 0.1a 
1.7 ± 0.0b 
1.3 ± 0.1c 
21.8 ± 0.4a 
12.5 ± 0.2b 
9.1 ± 0.6c 
2.8 ± 0.1b 
2.7 ± 0.3b 
1.1 ± 0.2a 
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Low-fat cream cheese has higher protein; hence, an increased protein-matrix-probe interaction shows 
higher stickiness.  
 
Spreadability is the ease with which the cream cheese spreads out over a surface in a thin and even layer. 
Decreasing the amount of fat in cream cheese significantly increases the spreadability values of low-fat 
(21.8 N.s-1) than high-fat (9.1 N.s-1) cream cheese (Table 3.2). A higher spreadability value for low-fat 
cream cheese means more force is required to deform and spread it, relative to high-fat cream cheese. 
Thus, the fat content significantly affects important cream cheese textural parameters like adhesiveness, 
firmness and spreadability.  
  
3.3.5. Rheological Properties of cream cheese  
3.3.5.1. Flow behaviour 
The flow curves (viscosity vs shear rate) for low, medium and high-fat cream cheese samples are as 
shown in Figure 3.4. All samples showed non-Newtonian shear-thinning behaviour which is typical of 
cream cheese (Sun & Gunasekaran, 2013).  
 
Figure 3.4. Viscosity (Pa.s) of the cream cheese samples at different shear rates (s-1) 
 
The viscosity of cream cheese significantly decreased as the shear rate increased from 0.1 to 1000 s-1, 
with low-fat cream cheese having higher viscosity values than medium and high-fat cheese (Figure 3.4). 
This result is in line with the findings of Nguyen et al. (2016). The decrease in viscosity with increasing 
fat content is due to the disruption of the protein interactions within the cream cheese network structures. 
The protein interactions in cheese are supposedly electrostatic and hydrophobic, and the weak physical 
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bonds easily break under shear stress. The apparent viscosity of cream cheese at a shear rate of 50 s-1 was 
examined, in order to get a better understanding of cream cheese behaviour during oral processing in the 
mouth. The results are summarized in Table 3 together with particle size analysis data. 
Table 3.3. Mean values for apparent viscosity (η50), gel behaviour (G′, G″ and tan δ), mean diameter 
D[3,2] and d(0.9) of cream cheese with varying fat levels 
Cream 
cheese 
type 
Viscosity η50 
(Pa.s) 
Gel behaviour (Pa)  Particle size distribution  
G′ G″ tan δ  D[3,2] (µm) d(0.9) (µm) 
Low-fat 22.8 ± 3.6a 13747 ± 1052a 4476 ± 566a 0.32 ± 0.02a  18.2 ± 1.9a  159.5 ± 31.6a 
Medium-fat 8.2 ± 0.8b 8481 ± 1257b 2412 ± 396b 0.28 ± 0.01b  11.3 ± 0.6b 29.6 ± 0.7b 
High-fat 4.9 ± 0.0b 5509 ± 3059b 1299 ± 716b 0.24 ± 0.01c  8.1 ± 0.2c 20.4 ± 0.9b 
Values are expressed in means ± SD from three replications. Samples with different letters between rows show significant 
difference according to Tukey’s pairwise comparison (P<0.05). Viscosity measured at a shear rate of 50 s-1. Gel behaviour 
measured at angular frequency 10 rad.s-1. 
As can be seen from Table 3.3, the low-fat cream cheese had a higher apparent viscosity (22.8 Pa.s) 
compared to medium (8.2 Pa.s) and high-fat samples (4.9 Pa.s). This could be due to a bigger particle 
size of low-fat cream cheese as a result of protein aggregation phenomena, which discussed previously 
in section 3.3.2. The presence of aggregates has also been reported by Krzeminski, Prell, Busch-
Stockfisch, Weiss, and Hinrichs (2014) in low-fat yoghurt. As a result, the particulate attraction between 
proteins, indicated by compact protein matrix (Figure 3.3(c)), will increase the resistance of cream cheese 
to spread or flow.        
 
3.3.5.2. Gel behaviour   
The mechanical behaviour of cream cheese can be described by the storage modulus (G′), which is a 
measure of its solid like behaviour, while the loss modulus (G″)  is a measure of its liquid-like behaviour 
(Lobato-Calleros, Rodriguez, Sandoval-Castilla, Vernon-Carter, & Alvarez-Ramirez, 2006). Changes in 
G′ and G″ for all three cream cheese samples as a function of frequency are shown in Figure 3.5.  All 
cream cheese samples behaved like gels, as G′ was always greater than G″ throughout the frequency 
range, with an almost constant value of tan δ.  Both moduli increased with frequency, suggesting typical 
weak gel behaviour (Ramírez-Santiago, Lobato-Calleros, Espinosa-Andrews, & Vernon-Carter, 2012).  
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Figure 3.5. Storage modulus (G′: ●, ■ and▼), loss modulus (G″: ○, □ and Δ) and loss tangent (tan δ) 
over a frequency range of 0.1-100 Hz of the three cream cheese samples 
 
Figure 3.5 illustrates that G′, G″ and tan δ increases as the fat level in cream cheese decrease, suggesting 
changes in their viscoelastic properties. High-fat cream cheese shows a lower elastic component (smaller 
G′ values) compared to medium and low-fat samples due to the lower protein and higher MNFS content 
that reduces the number of intermolecular bonds and produces less viscous cheese (Zalazar et al., 2002). 
The value of G′ at 10 rad.s-1 of low-fat cream cheese was 1.6 times higher than that of the medium and 
2.5 times higher than that of the high-fat sample, as the high volume fraction of protein increases the 
probability of strong particle interactions (Table 3.3). These results are consistent with textural properties 
data (Table 3.2) and the MNFS value (Table 3.1) as well as from previous research (Nguyen et al., 2016). 
These findings indicate that moisture acts as a plasticizer and fat as a lubricant, contributing to the 
rheological properties of cheese by increasing the flexibility of the protein matrix. 
 
A significant difference (P<0.05) was observed in loss tangent values (tan δ) of cream cheeses with 
different fat levels, as depicted in Table 3.3. The loss tangent (G″/G′) values for all the cream cheese 
samples were in the range of 0.24 – 0.32 (less than 1), which confirms that the elastic component of 
cream cheese is more dominant than the viscous component thus indicating gel-like behaviour (Mounsey 
& O'Riordan, 2001).  
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Recent advances in oral processing (Chojnicka-Paszun, de Jongh, & de Kruif, 2012; Dresselhuis et al., 
2007) suggest that the rheological properties examination of the bulk behaviour of cheese will not reveal 
the lubrication properties of the cream cheese. Hence, in this study, thin film rheology or the tribological 
characteristics of the cream cheese samples were determined by means of a tribometer, which is discussed 
in the next section.    
 
 
3.3.6. Tribological behaviour  
3.3.6.1. Effect of fat percentage on the frictional behaviour of cream cheese  
The tribological behaviour or lubrication properties of cream cheese can be presented as a friction curve, 
namely the Stribeck curve. This curve can be divided into three different regimes, the boundary, mixed 
and hydrodynamic regimes (Dresselhuis et al., 2007). In medium and high-fat cream cheese, the three 
regimes that differentiate the frictional behaviour of cream cheese were clearly seen, while low-fat cream 
cheese shows a decrease in friction coefficient with the increase of sliding speed (Figure 3.6). Low-fat 
cream cheese (0.5 % fat) had a significantly higher friction coefficient with a very distinctive stick and 
slide pattern, when compared with medium (5.5 % fat) and high-fat (11.6 % fat) cheese samples at normal 
force 2 N. The decreasing friction with increasing fat level is due to the formation of an interfacial film 
of fat, which acts as a spacer between the tribo-pair (Nguyen et al, 2016). With low-fat cream cheese, the 
friction did not change considerably with sliding speed at the applied normal force, while for medium-
fat and high-fat samples the medium speed (~1-80 mm.s-1) and high speed (~ >80 mm.s-1) regimes 
overlapped each other, and the low-speed regime for the medium-fat was slightly higher than for the 
high-fat sample. The overlapping of medium and high-fat samples reflects their similar gel structure and 
viscosity, which are in agreement with the results presented in section 3.3.5.2.   
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Figure 3.6. Friction coefficient of cream cheese with different fat concentrations (● 0.5% fat; ○ 5.5% 
fat; ▼ 11.6% fat) as a function of speed measured with normal force 2N 
 
Prakash, Tan, and Chen (2013) attributed the decreased friction in response to increased fat levels to the 
coalescence of fat globules on the surface of the tongue and palate. This conclusion is in agreement with 
other studies that relate a decreasing coefficient of friction to the fat content, as the fat acts as a lubricant, 
although different tribological methods and conditions were used (Chojnicka-Paszun et al., 2012; Sonne 
et al., 2014). The adherence of protein to contact surface also influences the lubrication properties, as 
large protein particles are not able to fit within the surface asperities, causing an increase in the friction 
coefficient (Dresselhuis et al., 2007; Sonne et al., 2014). This is confirmed in the data contained in Table 
1 relating to the fat and protein content of cream cheese as well as from adhesiveness value measured by 
the texture analyser (Table 3.2).  
 
The higher friction coefficient and gradual decrease of Stribeck curve slope as the sliding speeds 
increases was evident for the low-fat cheese, which is attributed to the deformation of the elastomeric 
surfaces in direct contact. On the other hand, high-fat and medium-fat cream cheese generates medium 
and high lubrication as the viscosity of the samples changes the slope of the Stribeck curve from 
horizontal (low-speed regime) to negative (medium-speed regime), and finally to positive (high-speed 
regime). From these results, it can be concluded that, for low-fat cream cheese, the stick and slide pattern 
is more noticeable in the low-speed regime. If the fat content was increased, there was an abrupt decrease 
in friction. This means that fat supports boundary film formation, thereby providing better lubrication 
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conditions. Cream cheese is an emulsion system of fat droplets within an aqueous phase (Coutouly et al, 
2014), therefore the presence of fat allows the entrainment of the bulk emulsion to be suppressed, 
enabling an extended low regime with very low friction coefficient. In addition, Dresselhuis, de Hoog, 
Stuart, Vingerhoeds, and van Aken (2008) also revealed that the large particle of fat globules give rise to 
an increased hydrostatic pressure, and keeps the tongue and palate separated thus lowering the friction. 
The friction then increases as a result of entrainment of bulk fluid and the influence of proteins that 
together provide poorer lubrication compared to fat, as has been reported in other research (Chojnicka-
Paszun et al., 2012; Dresselhuis et al., 2007).  
 
3.3.6.2. Effect of normal force on the frictional behaviour of cream cheese 
Knowledge of the relationship between friction and fat perception is still limited. Understanding the 
tribology of food under mouth-like conditions would be an important step in helping to better understand 
fat perceptions. Chojnicka, de Jong, de Kruif, and Visschers (2008) also stated that frictional behaviour, 
in general, depends not only on the properties of the lubricant but also on the force pressing the surfaces. 
Therefore, the effect of different levels of force applied on cream cheese with different fat content was 
investigated in this study. Friction tests were carried out at loads of 1, 2, 3 and 5 N to mimic the oral 
cavity as has been reported previously by Joyner, Pernell, and Daubert (2014a). As can be seen from 
Figure 3.7, under the specified conditions with different normal force and over the range of sliding 
speeds, different lubrication regimes characterize the frictional responses of low, medium and high-fat 
samples. 
 
(a) 
 
(b) 
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(c) 
Figure 3.7. Friction coefficients of cream cheese (CC) for: (a). low-fat; (b). medium-fat; (c). high-fat, as 
a function of speed measured with various normal force (● 1N, ○ 2N, ▼ 3N, ∆ 5N) 
 
An increase in the normal force from 1 N to 5 N shows a general decrease in the friction coefficient 
(Figures 3.7(a-c)) for all three cream cheese samples, similar to the observations with ovalbumin 
aggregate dispersions measured at 1 N and 5 N by Chojnicka et al. (2008). In the low speed and medium 
speed regimes, the friction coefficient increases with decreasing normal forces. The medium- (Figure 
3.7(b)) and high-fat (Figure 3.7(c)) cream cheese clearly show a shift in high-speed regime at all the 
applied normal forces where the lubrication starts to dominate compared to low-fat cream cheese (Figure 
3.7(a)). However, there were no significant differences in the three-speed regimes for all cream cheese 
categories at different normal loads, except for high-fat cream cheese in the high-speed regimes, since 
normal force is accounted for in the conversion of torque to friction coefficient as explained by Joyner 
et al. (2014a). At lowest sliding speed, the friction coefficient of low-fat cream cheese increases probably 
due to the deformation effect of protein. This result is in agreement with Joyner, Pernell, and Daubert 
(2014b). There is no clear explanation of the effects of various normal forces on friction behaviour. 
However, some studies on frictional properties of non-Newtonian materials (Chojnicka et al., 2008; 
Myant, Spikes, & Stokes, 2010) claim that the characteristics of the food ingredients are responsible for 
the differences in tribological behaviour at different normal forces. The increase of normal force also 
affects the pressure in the gap between the tribological surfaces thus altering the tribological behaviour 
of the material. 
Chapter 3. A tribological analysis of cream cheeses manufactured with different fat content  
78 
 
Table 3.4. Parameter fb, am, ah obtained from equations 1, 2 and 3 for cream cheese with different fat 
levels at different normal forces. 
Sample fb am ah 
Low-fat cream cheese 
Low-fat, 1 N 
Low-fat, 2 N 
Low-fat, 3 N 
Low-fat, 5 N 
 
0.82 ± 0.01a 
0.55 ± 0.00b 
0.49 ± 0.05b 
0.44 ± 0.03b 
 
-0.15 ± 0.03a 
-0.18 ± 0.03a  
-0.15 ± 0.04a 
-0.15 ± 0.01a 
 
0.23 ± 0.65a  
0.18 ± 0.25a 
-0.00 ± 0.10a 
0.01 ± 0.04a 
Medium-fat cream cheese 
Medium-fat, 1 N 
Medium-fat, 2 N 
Medium-fat, 3 N 
Medium-fat, 5 N 
 
0.58 ± 0.02a 
0.24 ± 0.00b 
0.24 ± 0.00b 
0.22 ± 0.01b 
 
-0.23 ± 0.05a 
-0.23 ± 0.08a 
-0.10 ± 0.01a 
-0.13 ± 0.00a 
 
0.30 ± 0.10a 
0.31 ± 0.02a 
-0.37 ± 0.03b 
-0.30 ± 0.02b 
High-fat cream cheese 
High-fat, 1 N 
High-fat, 2 N 
High-fat, 3 N 
High-fat, 5 N 
 
0.22 ± 0.01a 
0.18 ± 0.01a 
0.18 ± 0.01a 
0.19 ± 0.01a 
 
-0.41 ± 0.13a 
-0.40 ± 0.15a 
-0.27 ± 0.17a 
-0.07 ± 0.01a 
 
-0.05 ± 0.05bc 
0.05 ± 0.01b 
0.26 ± 0.18a 
-0.12 ± 0.04c 
Values are expressed in means ± SD from three replications. Samples with different letters between rows in the same group 
show significant difference according to Tukey’s pairwise comparison (P<0.05).  
 
The lubrication parameters (fb, am, ah) for all cream cheese samples at various normal forces were 
determined and are presented in Table 3.4. It can be seen that, at different normal forces, fb decreases 
with the increase of fat content; am for all cream cheese samples are similar and the friction coefficient 
is reduced with increasing sliding speed, while ah for high-fat and medium-fat cream cheese tend to have 
lower slope than low-fat samples. The am (negative value) of three cream cheese are likely to increase 
with the increase of normal forces, indicating a decrease in gel viscosity. Moreover, different normal 
forces applied significantly change the ah of medium (0.30, 0.31, -0.37, -0.30) and high-fat (-0.05, 0.05, 
0.26, -0.12) cream cheese, with the decrease of ah indicating a decrease in viscosity at high speeds.  From 
these results, it can be inferred from Figure 3.7 that at any applied normal forces medium and high-fat 
cream cheese has a lower coefficient of friction than low-fat product at any speed-regimes. Furthermore, 
for all cream cheese samples, a significant different in friction coefficient curves at normal forces 1 N 
compare to other normal forces (2 N, 3 N, 5 N) were observed. The low-fat cream cheese shows a more 
pronounced stick and slide pattern, while for medium- and high-fat cream cheese the pattern is visible 
well into the high-speed regime, where the force is sufficient to draw the lubricant between the interacting 
surfaces. This is confirmed by their texture and rheological properties, which have been discussed in 
Sections 3.3.4 and 3.3.6.  The results are also in agreement with the findings of Dresselhuis, de Hoog, 
Stuart, and van Aken (2008), who observed emulsions with less viscous oils have a greater boundary 
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regime. Initially, the friction of food products with small amounts of fat may be due to the bulk fluid of 
samples. It is possible that lubrication is dominated by proteins at all sliding speeds. Karuppiah, 
Sundararajan, Xu, and Li (2006) also relate an increase in boundary friction to the protein concentration. 
 
3.4. Conclusions  
The study highlights the significant role of fat on the tribological behaviour of cream cheese. The role of 
fat and proteins is further underlined by the results obtained from rheology, particle size measurement 
and microstructure. As the fat content of cream cheese decreased, the higher friction coefficient is 
determined by the protein content. This was attributed to the absence of fat that acts as a lubricant in 
cream cheese matrix, resulting in an increased friction at the low-speed regime. Comparing the results 
measured at normal forces tested (1 N, 2 N, 3 N, 5 N), it can be seen that there is not much difference 
between the fb values of cream cheese with different fat levels, except for 1 N. The microstructure of 
low-fat cream cheese showed a more compact protein network with small amount of fat globules 
scattered in the matrix, resulting an increased firmness caused by the high moisture to protein ratio. The 
results correlate well with particle size analysis, with large aggregates of gel particle observed in low-fat 
cream cheese. This highlights the key role played by protein in relation to texture development of cream 
cheese and its lubrication properties.  The presence of fat, both in free and intact globular form may also 
influence the lubrication properties of cream cheese. Reducing the fat content resulted in larger gel 
particle size due to insufficient amount of fat that interrupts the casein-casein interaction thus increasing 
the friction coefficient of low-fat cream cheese. However, the interaction between fat and protein with 
the tribo-pair system (adhesion, physico-chemistry of the surfaces, viscosity) should be investigated 
further to provide a greater understanding of the mechanisms related to fat texture perceptions. As a 
continuation of this study, further research is being undertaken to develop a low-fat cream cheese product 
which is stable and can spread easily on the tongue using an interdisciplinary approach of sensory and 
tribological measurements.  
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Chapter 4.  
 
Effect of homogenisation of cheese milk and high shear mixing of the curd 
during cream cheese manufacture (*) 
 
Abstract 
The role of homogenisation pressure of cheese milk (0, 25, 100 MPa) and high shear mixing of cheese 
curd under different speeds (750, 1500, and 3000 rpm) and times (2 and 4 min) on improving the texture 
of medium-fat cream cheese were investigated independently. Homogenising resulted in small fat 
globules and firmer texture while increasing the speeds and mixing times resulted in a decrease of curd 
particle size and increased spreadability of the cheese. All curd samples from both the trials exhibited a 
shear thinning behaviour. Unhomogenised milk and high shear mixing of the curd showed low coefficient 
of friction (better lubrication property). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(*) This chapter has been published as a research paper in the International Journal of Dairy Technology (IF = 
1.225): NINGTYAS, D. W., BHANDARI, B., BANSAL, N., & PRAKASH, S. 2018. Effect of homogenization 
of cheese milk and high-shear mixing of the curd during cream cheese manufacture. International Journal of Dairy 
Technology, 71(2), 417-431. The manuscript was modified to keep the format consistent throughout the thesis.  
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4.1. Introduction 
Cream cheese is categorized as an unripened cheese, a dairy oil-in-water emulsion, through an 
acidification process by lactic acid bacteria, heat treatment, whey drainage followed by high shear 
mixing. As per the USDA standard (1994), original cream cheese contains a minimum 33 % fat with a 
maximum moisture content of 55 %, while the low-fat cream cheese contains fat in the range 0.5 % - 
16.5 % with a maximum moisture content of 70 % (Lucey, 2011). Temperature and pH are two important 
parameters that modify the protein structures, stabilise the emulsion and connect the fat droplets to create 
a network, hence contributing to the cream cheese texture. In cream cheese making, fermentation and 
heating lead to an aggregation of casein micelles followed by particle cluster aggregation (Lee and Lucey, 
2006). This phenomenon results from the hydrophobic interactions contributing to a more compact casein 
particles. Apart from pH and temperature, homogenisation of milk or cream, and mixing (as the last step 
of the cream cheese process) are important processing steps during cream cheese production that 
contribute to its texture. It is well known that by homogenisation, the mean fat globule size is reduced, 
the larger interface is created, and the oil-water interface undergoes a massive rearrangement. In most 
cases, the cheese curds are combined with emulsifying salt (0.5-2 % w/w), various concentration of 
stabilisers (mainly hydrocolloids such as carrageenan, sodium alginate, xanthan gum, or guar gum), and 
bulking agents, followed by mixing, heating and homogenisation/high shear mixing steps (Phadungath, 
2005). The shearing of the cheese curd also changes the particle size distribution by reducing the large 
particle clusters responsible for grainy defects in cream cheese (Hahn et al., 2012). 
 
The texture of cream cheese and its variants (creamy mouthfeel and smooth texture) will be influenced 
by mixing of the cheese curd, including the degree of heat and shear rate, and the duration of cooking. 
Ideally, the texture should be smooth and spreadable at room and cold temperatures. Tamime (2009) 
mentioned the possibility to customise the final texture of cheese by varying the degree of shear and time 
of mixing of the curd. Heat treatments during cream cheese manufacture change the structure and 
physical-chemical properties of milk fat globules and milk proteins (size, shape, state of aggregation, 
milk fat globule stability). The rearrangements of curd particles, as well as their interactions, mainly 
determine the texture and stability of cream cheese. The complex aggregation of milk fat globules and 
casein occurs during heating and homogenisation of milk thus influencing the texture such as firmness 
and elasticity.  
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Researchers have highlighted the importance of composition (fat and protein ratio), the particle size, and 
pH that influence the cream cheese texture. Some research works have focused on the effect of 
homogenisation of milk or cream on the functional properties of both soft and hard types of cheese. 
Homogenisation is widely used in food as a method for emulsification, mixing or disruption to decrease 
the droplet size and narrow the particle size distribution. The effect of homogenisation of milk on the 
texture of cream cheese has been reported by Brighenti (2009) who investigated the effect of two stage 
homogenisation pressure, at 10, 12.2, 17.5, 22.8, 25 MPa (first stage) and 5 MPa (second stage). Coutouly 
et al. (2014) on the other hand examined one stage homogenisation at 0, 5, 20, or 60 MPa and observed 
a firmer and less spreadable cream cheese as the homogenisation pressure increased. However, there is 
no reported work on the use of homogenisation pressure as high as 100 MPa on the cream mixture and 
its effect on the resulting cream cheese texture. The effect of mixing conditions (agitation speed and 
time) to improve cream cheese texture using a high shear mixer has not been studied despite previous 
research (Brighenti, 2009, Phadungath, 2005) reporting mixing of cream cheese curd with salt and/or 
stabiliser as a crucial stage that determines the functional properties of cream cheese. Also, several 
studies have reported that the amount and size of fat globules plays an important role in textural and 
rheological behaviour of cream cheese. Wendin et al. (2000) report an increase in a number of fat results 
in an increase in the size of the fat cluster droplets, but applying homogenisation pressure in the range of 
8 – 25 MPa decreases the fat droplet size. This differs from the observation from other researchers 
(Brighenti, 2009, Coutouly et al., 2014) who observed an increase in fat droplet size with increase in 
homogenisation pressure. 
 
Although the effects of processing factors on the textural and rheological properties of a variety of cheese 
has been comprehensively reviewed in the literature, to the best of author’s knowledge, only a few 
documents are available for cream cheese (Almena-Aliste and Kindstedt, 2005, Brighenti, 2009, 
Coutouly et al., 2014, Wendin et al., 2000), and no information is available about the effects of very high 
homogenisation pressure of cheese milk and high shear mixing treatments of curd on textural and 
microstructural characteristics of cream cheese. Hence, the objective of this study was to investigate the 
physical-chemical characteristics of cream cheeses made from homogenised or unhomogenised milk, 
and also to characterise medium-fat cream cheese properties made by employing high shear mixing of 
curd.  
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4.2. Materials and methods 
4.2.1. Materials 
Pasteurised reduced-fat bovine milk with 1.3 % fat (w/w), was purchased from local supermarkets for 
manufacturing medium-fat cream cheese with a final fat content of 5.5 %. Freeze dried mesophilic culture 
(FD-DVS R-704, Chr. HansenTM) and rennet (200 IMCU/mL, Chy-max PLUSTM) were used for 
acidification and coagulation during the process of manufacturing cream cheese. Table salt and cheese-
cloth were obtained from local supermarkets. 
 
4.2.2. Cream cheese manufacture 
The procedure for cream cheese production was adopted from Ningtyas et al (2017) as described in 
Chapter 3, and modified from Lucey (2011). The cheese curd was weighed, and mixed with salt (0.5 % 
w/w) using a Stephan Universal Machine UMC 5 (STEPHAN food service equipment GmbH, Hameln, 
Germany, 220 V, 50 Hz, 0.75 kW) as shown in Figure 4.1. These comprised a jacketed pan, a rotary 
blade (stir/knead blade) for mixing and a system control unit (for time and speed control) connected to a 
temperature controlled water bath.  
 
The effect of homogenisation of cream cheese milk 
The homogeniser used was Avestin EmulsiFlex C-5 high-pressure homogeniser (Mannheim, Germany). 
A single stage and single pass homogenisation were performed on 600 mL of cream mixture. The cream 
mixture was made from cream obtained from a local store with fat and protein content of 39.9 % w/w 
and 2.12 % w/w, respectively. This was pure, pasteurised, unhomogenised cream without any other 
mechanical treatment or addition of other ingredients. The procedure to prepare the emulsion was based 
on Hussain et al. (2016). To create the samples with different particle size, subsequently, the cream 
mixtures were emulsified using the homogeniser at an operating pressure of 25 MPa and 100 MPa. The 
treatment represented as 0 MPa was the control without homogenisation. The emulsions were 
immediately stored at 4 °C.  A fresh batch of cheese milk (CM) was prepared each time from skim milk 
standardized with cream mixture to get the final protein to fat ratio = 0.97 (based on whole cream milk). 
The CCM was then incubated for 8.5 hrs with added thermophilic culture and rennet (as described in 
Figure 4.1), but at the final step, the cheese curd was mixed using Stephan mixer at 3000 rpm for 4 min. 
The cream cheese samples were packed in plastic containers with lids and immediately stored at 4 °C 
until further analysis. 
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The effect of high shear mixing of the curd 
The cream cheese curd was made from commercial reduced-fat bovine milk (1.3 % fat) and incubated as 
described in Figure 4.1. Approximately 500 g of curd obtained from fermentation and drainage of whey 
was placed in the Stephan mixer, salt added (0.5 %, w/w) and mixed by varying the blade rotary speed 
(750 rpm, 1500 rpm, 3000 rpm) and the time of mixing (2 min and 4 min). The cream cheese samples 
were packed in plastic containers with lids and immediately stored at 4 °C until further analysis.  
 
4.2.3. Moisture determination 
The moisture content of the cream cheese was determined through direct measurement using a moisture 
analyser balance (Ohaus Halogen, MB 45) described in Chapter 3 (Ningtyas et al., 2017), with 3 grams 
of samples being distributed homogenously on an aluminum drying pan. The balance has a halogen dryer 
unit that operates on the thermo-gravimetric principle determining the moisture content from weight loss 
of a sample dried by heating. The heating process involves 3 steps:  step 1 – 130 °C for 5 min; step 2 – 
105 °C for 1 min; and step 3 at 105 °C for 30 sec. The measurement ends at final temperature of 105 °C 
and the weight of the sample is stable for 30s. Moisture content is measured as percentage (%) from the 
loss of mass observed when the sample is heated. 
Moisture (%) = [(initial weight-end weight)/initial weight] x 100 
 
4.2.4. Particle size measurement 
The particle size distribution of cream cheese was measured with a Mastersizer 2000 (Malvern 
Instruments), equipped with a red He-Ne laser beam (633 nm) and a blue light source (466 nm). The fat 
and aggregated proteins in particulate form were determined using the method proposed by Michalski et 
al. (2001) as described in chapter 3. Cream cheese samples were dispersed in distilled water at room 
temperature. A refractive index of 1.46 was used for the dispersed phase and 1.33 for water for the 
continuous phase. The measurements were performed in duplicate at an obscuration value of 12%. From 
the size distribution obtained, the volume-weighted median diameter was calculated using the Malvern 
software. The diameter below which 90% of the volume of particles are found (d(0.9)), the volume-
weighted mean diameter [D(4,3)], the surface-weighted mean diameter [D(3,2)] were determined. 
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Figure 4.1. Flow diagram of the medium-fat cream cheese manufacturing process as affected by 
homogenisation treatment (A) and high-shear mixing treatment (B) 
Salting and mixing - A 
0.5% salt (w/w) added to the curd and mixed 
using Stephan Mixer (speed 3000 rpm, 4 min) 
Cream Mixture (CM) - A 
Cream (39.9% fat) mixed with NaCN solution 
(15%) and standardised to fat: protein = 5 : 1  
Homogenisation treatment - A 
(0 MPa, 25 MPa, 100 MPa) 
1.5 L Cream Cheese Milk (CCM) 
From CM mixed with milk (1.3% fat) - A 
and standardised to protein: fat = 3.3 : 3.4 
Pre-warming  
in a waterbath set at 28⁰C 
Starter Innoculation (Chr-Hansen R-704) 
0.14U/L (0.06g per 1.5L of milk) added to each batch 
Rennet Addition 
Rennet mixed (75µL) with distilled water (1130 µL) per 1.5 L of milk 
Fermentation (8.5 hours) in a waterbath set at 28⁰C  
Heating and scalding 
At pH 4.9±0.1, the curd was broken into pieces followed by heating to 55⁰C for 45 min  
Draining of whey 
with cheese cloth for 5 hrs at room temperature (23 ± 2°C) 
Pressing 
Pressing the curd with 2 kg weight for 5 min 
Salting and high shear mixing - B 
0.5% salt (w/w) added to the curd and mixed using Stephan Mixer 
(speed 750 rpm, 1500 rpm, 3000  rpm) (time 2 min and 4 min) 
1.5 L of milk (1.3% fat) per container - B 
Packaging Packaging 
Cream cheese with high shear mixing treatment - B Cream cheese with homogenisation treatment - A 
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4.2.5. Microstructural analysis 
The staining of the samples was done using the method described in Auty et al. (2001) to image the 
microstructure of cream cheese samples using a confocal laser scanning microscope (CLSM). Nile Red 
and Rhodamine B were used to stain the fat and protein phases of the cream cheese samples respectively 
(Ningtyas et al, 2017). 50 µL of Nile Red (0.02 % dissolved in PEG 200) and 50 µL of Rhodamine B 
(0.005 % dissolved in PEG 200) were pipetted on to the cream cheese samples and left standing for 1 
min to let the dyes penetrate the samples. Then 0.1 µL of each sample was pipetted onto a slide and 
covered with a coverslip. Samples were imaged using a Zeiss LSM700 confocal microscope. Excitation 
was performed at 488 nm laser for the fat phase and at 555 nm laser for the protein phase. 
 
4.2.6. Textural Analysis 
Textural attributes (firmness, spreadability, adhesiveness) of cream cheese samples were determined 
using a Texture Analyser (TA-XTplus, Micro Stable System Co., UK). A cone-shaped acrylic probe 
(TA15/1000, 45◦ angle, 30 mm diameter) was used with the following settings: test speed 1 mm/s, 
distance 20 mm, trigger force 4.0 g at a data acquisition rate of 100 points. Two successive compressions 
were carried out on each sample directly in the sample container, at the test and return speed of 2 mm/s 
and target depth of 20 mm. The peak force of the curves obtained for each of the samples was related to 
cream cheese firmness, while the area under the positive curve gave an estimate of the spreadability of 
cream cheese. The adhesiveness is calculated from the negative force area of the first bite (load versus 
distance curve) during each decompression cycle (Bourne, 2002). 
 
4.2.7. Flow and gel behaviour 
The viscosity and gel behaviour of the cream cheese samples were carried out in a shear stress-controlled 
Rheometer (ARG2 Rheometer, TA Instrument, USA) using 40 mm stainless steel sandblasted geometry 
glued with sand paper (to avoid slip) at 1000 µm gap for the shear rate ranging from 0.1 to 1000/s. A 
solvent trap cover and a standard Peltier plate with solvent trap filled with deionised water were used to 
mitigate sample drying during the experiment. The sample was equilibrated at room temperature (22-25 
C) for 1 hr before measurement. At the beginning of each test, the sample was equilibrated for 60 s at 
35 C between the parallel plates. The gel behaviour of cream cheese samples was measured using a 
frequency sweep with a frequency ranging from 0.01-100 Hz within the linear viscoelastic range. The 
strain was set constant at 0.01 %, and points were obtained at 20 per decade. 
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4.2.8. Lubrication behaviour 
Tribological measurements (frictional coefficient and hydrodynamic regimes) on cream cheese samples 
were done with a Discovery Hybrid Rheometer, using ring-on-plate tribo-rheometry (TA Instrument, 
USA) on a rough plastic surface of 3M Transpose Surgical Tape 1527-2 (Nguyen et al., 2016). The 
samples were equilibrated at room temperature (22-25 °C) for 1 hr before analysis. To simulate the oral 
processing condition, tribology measurements were performed at 35 °C at an axial force of 2 N. The 
samples were pre-sheared at 0.01/s for 1 min, and then equilibrated for another 1 min before each 
measurement. The speed ramps were performed at decreasing speed from 100 to 0.01/s with 20 points 
per decade.  
 
4.2.9. Statistical analysis 
In all there were nine samples of cream cheese: 3 types from homogenisation pressure 0, 25 and 100 
MPa and 6 combinations with different speeds and times of mixing. All treatments and analyses were 
conducted in triplicate using fresh batches each time, and the mean values and standard deviations were 
recorded. The experimental data were analysed using Minitab® 16 statistical package. The data were 
subjected to one-way (for homogenisation treatment) and two-way (for high-shear mixing treatment) 
ANOVA to determine significant treatments at a 5 % level of significance. Tukey’s test was performed 
for multiple comparisons of the treatments.  
 
4.3. Results and discussion 
4.3.1. Particle size distribution of cream cheese  
4.3.1.1. Effect of homogenisation of cheese milk 
The effect of homogenisation pressure on the particle size distribution and modal distribution parameters 
(D[4,3], D[3,2], and d(0.9)) of cream mixture (CM), cream cheese milk (CCM) and the final cream 
cheese product (MFC) are shown in Figure 4.2 (a)-(c) and Table 4.1 CM is an emulsion system of 
commercial cream (39.9 % fat), reduced-fat milk (1.3 % fat), and sodium caseinate (NaCN) subjected to 
a homogenising pressure of 0 MPa, 25 MPa, and 100 MPa. CCM is a mixture of reduced-fat milk and 
homogenised CM treatment, in a specific proportion to get similar fat to protein ratio in the final mixture. 
From Figure 4.2 and Table 4.1, it can be seen that increasing the homogenisation pressure decreased the 
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particle size. The size distribution of all samples from CM, CCM and MFC showed a bimodal 
distribution, except for unhomogenised CM (Figure 4.2 (a)) which displayed a monomodal distribution. 
 
(a) 
 
(b) 
 
 
(c) 
Figure 4.2. Particle size distribution of cream mixture (CM) (a), cream cheese milk (CCM) (b) and 
medium-fat cream cheese (MFC) (c) homogenised at 0 MPa (circle), 25 MPa (triangle), or 100 MPa 
(square). The presented curves are representative of the average of triplicate experiments (error bars not 
shown). 
 
Figure 4.2 (a) clearly shows the difference between unhomogenised CM (0 MPa) and homogenised CM 
(25 and 100 MPa). Unhomogenised CM showed a monomodal distribution while a bimodal distribution 
was observed at homogenised samples with a shift towards smaller particles. The differences are due to 
the cluster of fat-casein particle formed as a result of the higher pressure that disintegrated the large 
droplets into smaller sizes (Brighenti, 2009). Homogenisation significantly reduced the size of the fat 
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globules in CM. As can be seen in Table 4.1, the D[4.3] of the CM 25 decreased by four-fold (1.0 µm) 
compared to CM 0 (4.2 µm), and as the pressure further increased up to 100 MPa the decrease in fat 
globule size was greater (D[4.3] = 0.6 µm). These results are in agreement with Rudan et al. (1998) who 
observed larger D[4.3] values for homogenised cream milk than unhomogenised milk while preparing 
mozzarella cheese. On the other hand, the curve of CCM (from homogenised CM at 25 MPa and 100 
MPa), as shown in Figure 4.2 (b), exhibited a bimodal distribution with narrower size distribution of 
small particles ranging from 0.1 µm to < 10 µm compared to unhomogenised sample that contained 
multiple peaks, in the range of 0.1 – 100 µm, with the highest peak around 8 µm corresponding to d(0.9) 
(Table 4.1). 
Table 4.1. The effect of homogenisation pressure on particle size distribution of cream mixture (CM), 
cream cheese milk (CCM) and medium-fat cream cheese (MFC) 
Samples                         Homogenisation  
                                       pressure (MPa)             
D [4,3], µm D [3,2], µm d (0.9), µm 
CM (20.58 % fat) 0  4.2 ± 0.1a 3.3 ± 0.1a 6.9 ± 0.3a 
25  1.0 ± 0.1b 0.3 ± 0.0b 2.4 ± 0.1b 
100  0.6 ± 0.1c 0.2 ± 0.0c 1.3 ± 0.2c 
Cream cheese mixture: A 
CCM 0 (3.42 % fat)  
CCM 25 (3.42 % fat)  
CCM 100 (3.42 % fat)  
 
4.5 ± 0.8a 
 
1.1 ± 0.2a 
 
8.8 ± 2.0a 
0.6 ± 0.0b 0.2 ± 0.0b 1.6 ± 0.1b 
0.4 ± 0.0b 0.2 ± 0.0b 1.1 ± 0.1b 
Medium-fat cream cheese: B 
MFC 0 
MFC 25 
MFC 100 
 
39.0 ± 11.0a 
 
6.2 ± 0.5a 
 
130.0 ± 36.0a 
7.3 ± 0.5b 0.6 ± 0.0b 15.0 ± 5.0b 
4.1 ± 0.5b 0.6 ± 0.1b 7.8 ± 0.7b 
Values are expressed in means ± SD from three replications. Samples with different letters within sections of columns show 
significant difference according to Tukey’s pairwise comparison (p<0.05) 
A CCM 0: Cream cheese mixture made from CM 0 (unhomogenised CM), CCM 25: Cream cheese mixture made from CM 
25 (homogenised CM at 25 MPa), CCM 100: Cream cheese mixture made from CM 100 (homogenised CM at 100 MPa) 
B MFC 0: Medium-fat cream cheese made from CCM 0, MFC 25: Medium-fat cream cheese made from CCM 25, MFC 100: 
Medium-fat cream cheese made from CCM 100   
 
Compared to CM, the CCM had a smaller particle size (except CCM 0), due to its lower fat content (3.42 
%). CM, made from a mixture of cream (39.9 % fat) and NaCN result in a cream mixture with higher fat 
content (20.58 %). As the fat content was reduced in CCM, the big gel particle size from the interaction 
between fat and casein particles were also reduced (Table 4.1). In addition, the particle size of cream 
cheese (MFC) is significantly larger than CM and CCM due to the heating step (55 °C, 45 min) after 
fermentation in cream cheese processing that causes fat globules aggregation, as a result of interactions 
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between non-adsorbed protein molecules in the serum phase and casein adsorbed at the interfaces of fat 
globules (Raikos, 2010).  
 
As the pressure increased from 25 to 100 MPa, the droplet size distributions slightly decreased and the 
only difference was observed in the tails of the curves. For cream cheese made from unhomogenised 
cream (MFC 0), a broad tail appears in the distribution function, due to the higher number of larger 
particle size. As homogenisation pressure increased (MFC 25 and MFC 100), the tail representing larger 
droplet size disappeared, but a small peak with a particle size in the range of 0.08 – 1 µm occurred. 
Exposing the cream mixture to a homogenisation pressure of 25 MPa not only decreased the fat globule 
size (Figure 4.4) but also possibly increased the incorporation of whey protein into the casein matrix 
thereby slightly increasing the viscosity and firmness of the curd. However, subjecting the CM to 100 
MPa pressure, possibly disrupted the casein micelles and the tendency of collision and re-aggregation of 
small fat globule size was increased as suggested by Sfakianakis and Tzia (2014). This hypothesis holds 
valid as curd from cheese milk treated at a high homogenising pressure gave firmer texture and more 
viscous product (Tables 4.4 and 4.5). 
 
4.3.1.2. Effect of high shear mixing of cheese curd  
The effect of mixing with varying speed and time on particle size distribution of medium-fat cream 
cheese is shown in Figure 4.3 and Table 4.2. With an increase in mixing speed and time, a bimodal 
distribution was detected (except at 750  rpm for 2 min), with the first peak in the range between 0.1-1 
µm, while the second peak had a relatively large span (5.5-10.3 µm) representing the fragmented cheese 
curd particles. The small peak could represent some intact casein particles which generally measure 
between 0.05 and 0.5 µm and also some smaller fat globules which were not entrapped within the cheese 
curd gel matrix. 
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(a) 
 
(b) 
 
 
(c) 
Figure 4.3. Particle size distribution of medium-fat cream cheese with different mixing speed: (a) 750 
rpm; (b) 1500 rpm; (c) 3000 rpm and different time (2 min and 4 min). The presented curves are 
representative of the average of triplicate experiments (error bars not shown). 
 
Increasing the speed and time of mixing resulted in a shift of droplet size (Figure 4.3) reducing the 
relatively large peak between 1 to 50 µm to smaller droplet sizes (<1 µm) and a narrower range 
distribution as the speed and time of mixing increased. A possible reason for the shift could be attributed 
to the breaking of the large particles under high intensity of mixing. Previous researchers also found that 
higher mechanical forces (e.g. cavitation, shearing, and turbulent flow) could distinctly decrease the 
droplet size of whipping cream (Koh et al., 2014, Long et al., 2012). However, it was observed that the 
modal distribution for larger particle size (as fat globules) still remained the same as high shear mixing 
only breaks the gel particles from the interaction between protein and fat, with little effect on fat globule 
size.  
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Table 4.2. Particle size of medium-fat cream cheese as affected by mixing condition (agitation speed and 
time) of cheese curd 
Values are expressed in means ± SD from three replications. Samples with different letters within sections of columns show 
significant difference according to Tukey’s pairwise comparison (P<0.05).  
 
Increasing speed and time of mixing significantly decreased all 3 parameters, as can be seen from Table 
4.2. The effectiveness of the Stephan mixer in down-sizing the particle size can be seen from d(0.9) and  
D[4.3] values. The D[4,3] value, representing the large particle size, is in the range 5.5 µm (3000 rpm, 4 
min) to 12 µm (750 rpm, 2 min) for all cream cheese samples indicating that the mean particle size in 
cheese treated at high speed and longer duration become smaller. Similarly, the d(0.9) value also 
decreased as the speed and time of mixing increased. Interestingly, for the same speed, extending mixing 
time did not significantly change all parameters of size distribution, although a reduction in the average 
size was observed,  except at 750 rpm, where 90 % of the particles size is significantly reduced as time 
of mixing increases from 19 µm (2 min) to 14 µm (4 min).    
 
4.3.2. Microstructure of cream cheese 
Confocal micrographs of cream cheese showing the effect of high pressure as well as mixing speed and 
time on their cheese protein gel matrix and fat globules are presented in Figures 4.4 and 4.5, respectively. 
The figures show a continuous protein matrix (red) interspersed with fat globules (green). The milk fat 
appears in two distinct states: smaller fat globules embedded in the protein matrix and larger pools of 
aggregated fat in the protein matrix. As the pH is low the fat globule membrane would have been 
destabilised, thus stabilised by physical entrapment by the protein gel matrix 
 
4.3.2.1. Effect of homogenisation of cheese milk 
Figure 4.4 clearly shows a difference in microstructure between unhomogenised (a) and cream cheese 
prepared from the cream mixture subjected to homogenisation pressures of 25 MPa (b) and 100 MPa (c). 
Mixing treatment  D [4,3], µm D [3,2], µm d (0.9), µm 
      Speed (rpm)      Time (min) 
750 
750 
1500 
1500 
3000 
3000 
2 
4 
2 
4 
2 
4 
12 ± 2.7a 
8.2 ± 2.5ab 
8.4 ± 0.0ab 
6.3 ± 1.3b 
6.9 ± 0.9ab 
5.5 ± 1.1b 
6.7 ± 0.7a 
2.4 ± 2.9ab 
3.2 ± 3.3ab 
0.7 ± 0.1b 
1.8 ± 1.8b 
1.2 ± 1.0b 
19 ± 3.1a 
14 ± 1.7b 
15 ± 0.8ab 
12 ± 2.0b 
13 ± 1.2b 
11 ± 1.5b 
Chapter 4. Effect of homogenisation of milk and high shear mixing of curd during cream cheese manufacture  
97 
 
The fat globules in Figure 4.4 (a) are mostly bound and entrapped in the protein matrix, while high 
pressure resulted in a more homogeneous microstructure with well-distributed protein and fat in the 
cream cheese matrix (Figure 4.4 (b) and (c)). A greater reduction in particle size of cream cheese and 
disintegration of casein micelle gel matrix as a result of the high pressure lead to an increase in a compact 
matrix with dense protein networks increasing the hardness and reducing the spreadability of the cream 
cheese which was presented later (Table 4.4). Similar results have been reported at homogenisation 
pressure of 0, 5, 20, and 60 MPa in cream cheese by Coutouly et al. (2014). 
 
(a) 
 
(b) 
 
(c) 
Figure 4.4. Confocal micrographs of medium-fat cream cheeses as affected by homogenisation 
condition: (a) 0 MPa, (b) 25 MPa, (c) 100 MPa with Nile Red and Rhodamine B for staining fat (green) 
and protein (red), respectively at magnification of 63x 
 
4.3.2.2. Effect of high shear mixing of cheese curd 
Increasing the mixing speed and time affected the microstructure of cream cheese by decreasing the 
cheese curd particles and fat globule size and improving their distribution throughout the protein matrix. 
As the speed of mixing increases from 750 to 3000 rpm, for 2 min, more fat coalescences resulting in 
larger fat globules (Figure 4.5a, c, e), but this phenomenon was not clearly observed with longer mixing 
time of 4 min (Figure 4.5b, d, f). The impact of the larger fat globules and smaller gel particles observed 
with low mixing time (2 min) can be seen in the decreased hardness of the curd creating a soft, smooth 
body and a more spreadable product (Table 4.4), unlike the result from Karaman and Akalin (2013) 
which is discussed in textural properties section. 
Chapter 4. Effect of homogenisation of milk and high shear mixing of curd during cream cheese manufacture  
98 
 
 
Speed 750 rpm, 2min 
 
Speed 750 rpm, 4min 
Speed 1500 rpm, 2min 
 
Speed 1500 rpm, 4min 
 
Speed 3000 rpm, 2min 
 
Speed 3000 rpm, 4min 
Figure 4.5. Confocal micrographs of medium-fat cream cheese from cheese curd mixed at various rotary 
blade speed and time in a Stephan mixer (a-f) with Nile Red and Rhodamine B for staining fat (green) 
and protein (red), respectively at magnification of 63x  
a b 
c d 
e f 
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4.3.3. Total moisture and pH of cream cheese 
There were no significant differences in the moisture contents of the cream cheese as a result of different 
homogenisation and blending conditions (Table 4.3). Karaman and Akalın (2013) and Madadlou et al. 
(2007) observed higher moisture content in cream cheese (Iranian and Turkish white cheese) from cream 
homogenised at 100 MPa compared to unhomogenised cream. Increase in homogenisation pressure was 
associated with a small decrease in final pH. This result probably due to the increase in casein micelles 
and moisture content of homogenised cheese that led to higher proteolysis and subsequently lowering 
pH as previously reported by Madadlou et al. (2007).  Moreover, there were no significant differences in 
moisture content and pH as a result of different mixing speed and time. These results are in agreement 
with those reported by Lee et al. (2004) in processed cheese spread. 
Table 4.3. Total moisture and pH of medium-fat cream cheese with different milk homogenisation 
pressures and curd mixing conditions 
Treatment  Total moisture (% w/w) pH 
Homogenisation pressure A   
MFC 0 68.8 ± 1.4a 4.6 ± 0.0a  
MFC 25 69.4 ± 1.2a 4.5 ± 0.0b  
MFC 100 69.7 ± 2.1a 4.5 ± 0.0c 
Mixing speed and time   
750 rpm, 2 min 73.8 ± 2.0a 4.6 ± 0.0a 
750 rpm, 4 min 72.7 ± 1.7a 4.6 ± 0.0a 
1500 rpm, 2 min 73.4 ± 0.6a 4.5 ± 0.0a 
1500 rpm, 4 min 73.5 ± 0.9a 4.6 ± 0.1a 
3000 rpm, 2 min 72.8 ± 1.7a 4.6 ± 0.0a 
3000 rpm, 4 min 72.8 ± 1.3a 4.6 ± 0.0a 
Values are expressed in means ± SD from three replications. Samples with different letters within sections of columns show 
significant difference according to Tukey’s pairwise comparison (p<0.05). 
A MFC 0: medium-fat cream cheese manufactured from unhomogenised cream, MFC 25: medium-fat cream cheese 
manufactured from homogenised cream at 25 MPa, MFC 100: medium-fat cream cheese manufactured from homogenised 
cream at 100 MPa. 
 
4.3.4. Textural properties of cream cheese 
The firmness, spreadability and adhesiveness of the cheese samples as influenced by the homogenisation 
of cheese milk and mixing speed–time of cheese curd were estimated from their texture profile analysis 
(TPA) graphs and presented in Table 4.4. The firmness of cream cheese relates to the strength of the 
cheese matrix, while adhesiveness characterizes the force required to remove the cheese from the contact 
surface.  
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4.3.4.1. Effect of homogenisation of cheese milk  
An increase in homogenisation pressure of cheese milk resulted in an increase in firmness, spreadability, 
and adhesiveness values of the cream cheese samples (Table 4.4). The firmness of cheese from 
unhomogenised milk was softer (0.8 N) compared to that from milk homogenised at 25 MPa and 100 
MPa (1.2 N and 1.4 N). One explanation is that higher pressure generates more of small fat globules that 
increases the possible cross linking interaction between casein particles and the surface of the newly 
formed small fat globules resulting in firmer cheese (Lucey, 2004). 
 
Table 4.4. Texture parameters of medium-fat cream cheese manufactured with different homogenisation 
pressure of cheese milk and varying mixing speed and time employed to cheese curd 
Treatment  Firmness (N) Spreadability (N.s-1) Adhesiveness (N.s-1) 
Homogenisation pressure A    
MFC 0 0.8 ± 0.1b 6.3 ± 0.6b -1.8 ± 0.2a 
MFC 25 1.2 ± 0.2a 8.8 ± 1.1a -2.6 ± 1.0a 
MFC 100 1.4 ± 0.1a 10 ± 0.8a -2.8 ± 0.3a 
Mixing speed and time     
750 rpm, 2 min 2.0 ± 1.0a 16 ± 7.0a -3.0 ± 1.6a 
750 rpm, 4 min 1.5 ± 0.4a 12 ± 3.1a -1.9 ± 1.4a 
1500 rpm, 2 min 1.5 ± 0.3a 11 ± 1.7a -2.9 ± 0.7a 
1500 rpm, 4 min 1.2 ± 0.2a 8.8 ± 1.1a -1.9 ± 0.8a 
3000 rpm, 2 min 1.2 ± 0.2a 9.1 ± 1.1a -2.5 ± 0.3a 
3000 rpm, 4 min 1.1 ± 0.2a 8.0 ± 1.3a -2.6 ± 0.6a 
Values are expressed in means ± SD from three replications. Samples with different letters within sections of columns show significant 
difference according to Tukey’s pairwise comparison (p<0.05). 
A MFC 0: medium-fat cream cheese manufactured from unhomogenised cream, MFC 25: medium-fat cream cheese manufactured from 
homogenised cream at 25 MPa, MFC 100: medium-fat cream cheese manufactured from homogenised cream at 100 MPa 
 
Similar to the results obtained in this study, Brighenti (2009) reported that increasing the homogenisation 
pressure of the cream cheese mix from 10 to 25 MPa gave stronger gels, producing firmer texture.  
Coutouly et al. (2014) also observed an increase in cream cheese firmness as the homogenisation pressure 
increased from 5 to 60 MPa and associated it to an increase in rupture stress, consequently decreasing 
the spreadability and increased in product firmness. In our study, there was no significant difference in 
the hardness of the cream cheese samples obtained from cheese milk subjected to homogenisation 
pressure of 25 MPa and 100 MPa (Table 4.4). 
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Spreadability is the ease with which the cream cheese spreads over a surface in a thin and even layer. 
Passing the cream through the single stage homogeniser significantly increases the spreadability values 
of cream cheese, almost twice that of its unhomogenised counterpart, resulting in a less spreadable 
cheese. The unhomogenised cream cheese was more spreadable (6.3 N.s-1), compared to homogenised 
cream cheese with values of 8.8 N.s-1 (25 MPa) and 10 N.s-1 (100 MPa). Homogenisation decreases the 
fat globule size, increasing the surface area of fat globules to adsorb protein (Brighenti, 2009). 
 
Higher values of adhesiveness reflect a higher force required to remove cheese from the palate or tongue 
(Bryant et al., 1995). Ciron et al. (2010) suggested that increase in stickiness on homogenisation is 
associated with the interaction of the greater number of fat globules and casein curd particles. However, 
in this work, there was no significant increase (p > 0.05) in adhesiveness with homogenisation pressure 
(Table 4). 
 
4.3.4.2. Effect of high shear mixing of cheese curd 
It can be inferred from Table 4.4 that high shear mixing of the cheese curd did not significantly (p>0.05) 
affect the cheese texture. Possibly the range of mixing speeds and times used in this study was not 
sufficient to produce significant differences in firmness, spreadability and adhesiveness in the resulting 
curds even though increasing the speed and times of mixing leads to softer and more spreadable cream 
cheese. Increasing the shear rates produced hydrodynamic forces large enough to disrupt the bonds 
between fat and casein gel particles (Floury et al. 2000) producing smaller gel particles that are evenly 
distributed in the protein matrix.    
 
4.3.5. Rheological Properties of cream cheese  
4.3.5.1. Flow behaviour 
Effect of homogenisation of cheese milk  
The flow behaviour as affected by homogenisation pressure of cheese milk is presented in Figure 4.6. 
The three cheese samples showed shear thinning behaviour as the shear rate increased from 0.1 to 1000/s. 
Apparent viscosity at shear rate of 50/s (η50) was extracted from Figure 4.6 and presented in Table 4.5, 
suggesting that curds from homogenised milk were significantly (p<0.05) more viscous than their 
unhomogenised control. Homogenised milk contains smaller fat globules partially coated with casein 
particles to stabilise the expanded fat globule surface area that may be responsible for the increased 
apparent viscosity. Similar results were obtained from Long et al. (2012) with whipping cream. Also, as 
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the homogenisation pressure increased, the droplet particle size becomes smaller and the caseins 
adsorbed onto the fat globule surface to form protein-protein bonds with the cheese casein matrix. These 
interactions reduce the inter-particle distance and make the particles more difficult to move, resulting in 
a higher viscosity.   
 
Figure 4.6. Viscosity of medium-fat cream cheese made from cream cheese mix homogenised at 0 
MPa (circle), 25 MPa (triangle), or 100 MPa (square) and mixed using Stephan mixer (3000 rpm, 4 
min) 
 
Effect of high shear mixing of cheese curd 
The apparent viscosity curves for medium-fat cream cheese samples under different mixing speed and 
time are depicted in Figure 4.7. All samples show shear thinning (non-Newtonian) behaviour, which has 
been previously reported by Nguyen et al. (2016) for cream cheese samples. Increasing the blade rotary 
speed from 750 rpm to 3000 rpm for 2 min and 4 min resulted in a decrease in the apparent viscosity for 
all cheese samples (Table 4.5). The apparent viscosity decreased with increasing mixing speed, as higher 
shearing force breaks the aggregates of casein particles and fat globules. 
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(a) (b) 
Figure 4.7. Viscosity of medium-fat cream cheese at mixing speed of 750 rpm, 1500 rpm, and 3000 rpm 
at different mixing time: (a) 2 min; (b) 4 min 
 
Mixing at a rotary speed of 750 rpm (represents 25 % of the maximum rotary speed of the Stephan 
mixer), resulted in slightly more viscous behaviour (Figure 4.7) than that of the two other speed (1500 
rpm and 3000 rpm). This suggests that mixing speed of 750 rpm was giving the lowest effectiveness in 
cutting the gel particles compared to 3000 rpm, in line with particle size results from Table 4.2. Another 
possible explanation for the effect of shear is breaking of the cheese structure mainly from weak 
interactions (electrostatic and hydrophobic) between casein particles that have been as reported 
previously (Fox et al., 2004). 
 
Table 4.5. Rheological properties of medium-fat cream cheese manufactured with different 
homogenisation pressure of cheese milk and varying mixing speed and time employed to cheese curd 
Treatment η50  (Pa.s) G′ at 1 Hz (Pa) G″ at 1 Hz (Pa) tan δ at 1 Hz (Pa) 
Homogenisation pressure A 
MFC 0 
MFC 25 
MFC 100 
 
1.8 ± 0.4b 
2.8 ± 0.3a 
3.7 ± 0.4a 
 
3700 ± 1100a 
3500 ± 520a 
3900 ± 520a 
 
1000 ± 190a 
870 ± 170a 
850 ± 250a 
 
0.28 ± 0.05a 
0.25 ± 0.02a 
0.22 ± 0.04a 
Mixing speed and time 
750 rpm, 2 min 
750 rpm, 4 min 
1500 rpm, 2 min 
1500 rpm, 4 min 
3000 rpm, 2 min 
3000 rpm, 4 min 
 
8.1 ± 2.0a 
5.9 ± 0.4a 
5.9 ± 0.1a 
6.0 ± 1.7a 
7.0 ± 2.2a 
5.7 ± 1.1a 
 
6600 ± 2800a 
4700 ± 1400a 
5000 ± 950a 
3800 ± 760a 
5200 ± 1900a 
3300 ± 510a 
 
1900 ± 810a 
1200 ± 410a 
1500 ± 110a 
950 ± 150a 
1400 ± 590a 
1100 ± 93a 
 
0.29 ± 0.00a 
0.26 ± 0.02a 
0.30 ± 0.03a 
0.25 ± 0.03a 
0.27 ± 0.02a 
0.33 ± 0.03a 
Values are expressed in means ± SD from three replications. Samples with different letters within sections of columns show 
significant difference according to Tukey’s pairwise comparison (p<0.05). 
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A MFC 0: medium-fat cream cheese manufactured from unhomogenised cream, MFC 25: medium-fat cream cheese 
manufactured from homogenised cream at 25 MPa, MFC 100: medium-fat cream cheese manufactured from homogenised 
cream at 100 MPa 
 
4.3.5.2. Gel behaviour   
The viscoelastic properties of cream cheese, as affected by different homogenisation pressure and mixing 
condition were assessed through frequency sweep of elastic modulus (Gʹ) and viscous modulus (Gʺ), a 
day after making the cheese. As illustrated in Figure 4.8 and 4.9, all samples had G′ consistently higher 
than G″, suggesting a dominance of solid behaviour.  
 
Effect of homogenisation of cheese milk 
As shown in Figure 4.8, the Gʹ and Gʺ of cream cheese made from homogenised milk (25 MPa and 100 
MPa) were slightly higher than unhomogenised cheese. As can be seen from Figure 4.8, the Gʹ and Gʺ 
values of cream cheese produced from cream mixture subjected to 0, 25 and 100 MPa were similar and 
increased over the range (0.1-100 Hz) of frequency. This suggests that homogenisation pressure has no 
definite effect on viscoelastic properties of cream cheese, although higher pressure yielded smaller fat 
globules that increased the firmness of the cheese than unhomogenised sample. Moreover, as can be seen 
from Table 4.5, the tan δ values for the three samples were almost identical (0.2 - 0.28) and less than 1, 
which confirms that the elastic properties of the cream cheese are more dominant than the viscous 
component. These results were also in agreement with the observations on the rheological behaviour of 
stirred yogurt (Ciron et al., 2011).  
 
Figure 4.8. Effect of homogenisation pressure (0 MPa, 25 MPa, 100 MPa) on the storage modulus (G′: 
solid symbols), loss modulus (G″: hollow symbols) and loss tangent (tan δ: colored symbols) of medium-
fat cream cheese 
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Effect of high shear mixing of cheese curd 
Figure 4.9 presents the effect of mixing condition on viscoelastic properties of medium-fat cream cheese. 
The gel characteristics of all cheese samples treated with different speed and mixing time were similar, 
showing an increase in G′ and G″ as frequency increased and maintaining constant values of G′ > G″ (as 
can be seen from tan δ, Figure 4.9), indicating a typical weak gel. The tan δ value is in the range 0.25 - 
0.33 confirming elastic properties of cream cheese. 
 
 
(a) 
 
Chapter 4. Effect of homogenisation of milk and high shear mixing of curd during cream cheese manufacture  
106 
 
 
(b) 
 
 
(c) 
Figure 4.9. Storage modulus (G′: solid symbols), loss modulus (G″: hollow symbols) and loss tangent 
(tan δ : colored symbols) over a different speed and time (2 min and 4 min) of medium-fat cream cheese 
: (a) 750 rpm, (b) 1500 rpm, (c) 3000 rpm 
 
The effect of rotational speed and time did not significantly (P>0.05) change the gel characteristics of 
cream cheese. Rheology and textural measurement only provide the bulk behaviour of cream cheese that 
does not describe all the physical properties sensed in the mouth during oral processing. Therefore, the 
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tribological characteristics of cream cheese were determined to estimate their thin film characteristics or 
in other words their lubrication properties were determined with a tribometer, discussed in the next 
section.    
 
4.3.6. Tribological behaviour of cream cheese 
Figure 4.10 (a) and (b) show the lubrication properties of cream cheese at different homogenisation 
pressure and different mixing condition (speed and time) as a function of sliding speed and at an applied 
load of 2 N. It can be seen from the graphs that homogenisation and mixing behaviour of the cheeses 
were speed-related, falling into three distinct regimes: low-speed (0.1 - ~8 mm/s), medium-speed (8 - 
~40 mm/s), and high-speed (40 - ~400 mm/s) respectively. 
 
4.3.6.1. Effect of homogenisation of cheese milk 
Figure 4.10 (a) shows the friction coefficient of cream cheese from homogenised (25 and 100 MPa) or 
unhomogenised (0 MPa) cream mixtures. It is clearly seen, that unhomogenised (0 MPa) cheese has the 
lowest coefficient of friction compared with homogenised cheese (25 and 100 MPa). However, with 
subjected into 100 MPa result in a lower coefficient of friction than with 25 MPa. These results indicate 
that higher homogenisation pressure provided similar lubrication properties as unhomogenised 
counterpart. The pressure applied to the cream mixture (25 MPa and 100 MPa) did not significantly 
(P>0.05) change the frictional behaviour of the resulting cream cheese indicating similar gel structure 
and viscosity that is in agreement with the results in the rheological properties section.  
 
At medium speeds from 10–35 mm/s, the friction coefficient decrease (~0.21) for the homogenised cream 
cheese samples, indicating a mixed regime, while for unhomogenised cheese the friction coefficient 
gradually increased from about 0.12 at low-speeds (boundary regime), then steady at 0.18 as the speed 
increase from 1-30 mm/s. Without being subjected to homogenisation pressure, the interaction between 
fat globules and protein is less pronounced. Hence, it could be hypothesised that the extended boundary 
regime in unhomogenised sample is more likely due to the coalescence of the fat droplet and 
consequently initiate the adhesion of fat onto the surfaces, as explained by previous research (Chojnicka-
Paszun et al., 2012, Dresselhuis et al., 2008). At high-speeds, all the cheeses fall onto hydrodynamic 
regime, marked by the increase of friction coefficient as it can be clearly seen in Figure 4.10 (a). 
According to Nguyen et al. (2016), the hydrodynamic regime is related to the thickness of the product, 
while the boundary regime depends on the lubrication properties of the food. In this research, the lower 
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coefficient of friction for unhomogenised cream cheese is probably due to the small amount of fat that 
interact and coated with casein, thus during the measurements, the unbound fat globules are released 
contributing to the reduced friction (Liu et al., 2016). 
  
(a) (b) 
Figure 4.10. Tribological behaviour of medium-fat cream cheese with: (a). different homogenisation 
pressure (0 MPa, 25 MPa, 100 MPa), (b). different speed and time of mixing using Stephan mixer, 
measured at normal forces 2 N on decreasing speed measurement 
 
4.3.6.2. Effect of high shear mixing of cheese curd 
Figure 4.10 (b) displays the friction coefficient vs. sliding speed for medium-fat cream cheese at varying 
mixing speed (750, 1500, 3000 rpm) and time (2 min and 4 min). As can be observed, the progression 
from boundary to hydrodynamic regimes was found for all samples, except for mixing speed 1500 rpm 
for 2 min that demonstrated a gradual increase of friction at all sliding speed measured in this experiment. 
In fact, the Stribeck curve was not significantly different from all cream cheese samples, with the 
exception of cheese mixed at 1500 rpm for 2 min. Interestingly, for all samples, a gradual increase of 
friction was observed at low speed (0.1-5 mm/s) indicating a boundary regime, with the highest friction 
coefficient was observed for cream cheese mixed at 3000 rpm for 4 min. These phenomena were unusual 
but Saravanan et al. (2016) stated that boundary friction may increase or decrease with the sliding speed. 
As the sliding speed increase to about ~5-15 mm/s, mixed lubrication regime is observed, marked with 
a slightly decreased in coefficient of friction and continued with hydrodynamic regimes at higher speed 
(>30 mm/s). The increase of friction in hydrodynamic regime, from ~0.20 to 0.26, was likely due to the 
breaking of the adhered fat layer thus provide poorer lubrication (Chojnicka-Paszun et al., 2012). 
Moreover, prolonging the time of mixing have a negligible effect on lubrication properties of cream 
cheese, indicated by a similar Stribeck curve for all samples during measurement.  
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4.4. Conclusion  
Modification of medium-fat cream cheese processing to reduce particle sizes can yield cheese with 
different characteristics (moisture content, textural, rheological, and tribological analysis). While 
homogenisation of the cheese milk reduced the particle size and narrowed the particle size distribution 
resulting in firmer and less spreadable cream cheese, high shear mixing of the curd with a Stephan mixer 
did not significantly (P>0.05) change the particle size distribution or textural parameters. The increased 
casein-casein interaction due to a large number of small fat globules contributed to the firmer texture and 
less spreadable cream cheese. The size of the fat globules and the adsorption of casein/milk protein from 
serum to newly formed fat globules during homogenisation influenced the lubrication behaviour as well 
as the viscosity, with cream cheese made from unhomogenised cheese milk (larger fat globules) having 
lower COF and reduced viscosity compared to homogenised cheese milk (small fat globules). Further 
research is being undertaken to develop reduced-fat cream cheese with an acceptable texture and 
spreadability using both subjective and objective measurements.   
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Chapter 5.  
 
Texture and lubrication properties of functional cream cheese:  
Effect of beta-glucan and phytosterol (*) 
 
Abstract 
The effect of β-glucan (BG) and phytosterols (PS) as fat replacers on textural, microstructural and 
lubrication properties of reduced-fat cream cheese was investigated. Five formulations (BG-PS ester, PS 
ester, BG-PS emulsions, PS emulsions, and BG) of cream cheese with added β-glucan and phytosterols 
(in emulsified and esterified form) were investigated and compared with commercial cheese. Among the 
five formulations used in this experiment, the effect of β-glucan appeared to be more pronounced 
imparting increased viscosity and firmness to reduced-fat cream cheese, similar to commercial high-fat 
cream cheese sample. Conversely, in lubrication study both the phytosterols (esterified and emulsified) 
were effective in reducing the coefficient of friction resulting in a more spreadable cream cheese. The 
microstructure of cream cheese with added β-glucan and phytosterols, used solo or in combination, 
exhibited more open structure of casein matrix, although differences in fat globule size were observed. 
Cream cheese made from PS emulsion (emulsified from phytosterols powder) resulted in a larger fat 
globule size than PS ester and β-glucan as shown by Confocal Laser Scanning Microscopy (CLSM). In 
addition, the particle size distribution of cream cheese formulation containing β-glucan only showed a 
monomodal curves with small globule size, while a bimodal distribution with larger particle size was 
observed from cream cheese with phytosterols alone.  
 
   
 
 
 
 
(*) This chapter has been published as a research paper in the Journal of Texture Studies (IF = 1.591): NINGTYAS, 
D. W., BHANDARI, B., BANSAL, N., & PRAKASH, S. 2018. Texture and lubrication properties of functional 
cream cheese: Effect of beta-glucan and phytosterol. Journal of Texture Studies, 49(1), 11-22. The manuscript was 
modified to keep the format consistent throughout the thesis.  
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5.1. Introduction 
Cheese is becoming one of the most widely consumed foods. Recently, the demand of cream cheese has 
increased because of its popularity as dips, base in flavoured spreads, spreads on bagels, and cheese cake 
fillings. However, despite its rapid growth, the main drawback of cream cheese product is the high fat 
content that contributes to key sensory attributes and textural properties. The demand of low-fat and 
reduced-fat product has greatly increased due to consumer’s awareness of the relationship between diet 
and health. This has led the dairy food industry to continuously work on formulating and developing 
“functional dairy foods” with good textural qualities. In the last decade, there has been a growing trend 
to incorporate fat replacer in dairy formulations.  
   
Three categories of fat replacers have been suggested, based on different functionalities of fat towards 
texture: thickening agents to control flow properties, bulking agents to enhance adsorption to the palate 
and microparticulated ingredients to improve lubrication properties (Liu, Tian, Stieger, van der Linden, 
& van de Velde, 2016). Formulation of food products with fat replacer is difficult from a technological 
and food quality point of view, since fat replacers need to provide all the functional and sensory properties 
of fat. Based on their chemical structure, fat replacers are classified into carbohydrate-, protein-, and 
lipid-based fat replacers. Most of the carbohydrate-based fat replacers are hydrocolloids with a greater 
ability to bind water, thus can act as thickening and gelling agent allowing them to mimic the mouthfeel 
and flow properties similar to fat (Ognean, Darie, & Ognean, 2006).  
 
In recent years due to the physiological response and health benefits associated with β-glucan and 
phytosterols there is an increased use of these two ingredients in dairy products. β-glucan promotes 
several health benefits such as reduction of serum cholesterol levels and reduction of postprandial 
glycemic and insulin response due to its rheological behaviour especially related with its ability to entrap 
water and develop high viscous solution (Brennan & Cleary, 2005; Daou & Zhang, 2012; Lazaridou & 
Biliaderis, 2007; Wood, 2007). Several studies have investigated the cholesterol lowering effect of 
phytosterols along with its role in prevention of coronary heart diseases. It is believed that the principal 
mechanism of action is based on the interference with the solubilization of the cholesterol in the intestinal 
mucosa (AbuMweis & Jones, 2008; Christiansen et al., 2001; Clifton, 2007; Kritchevsky & Chen, 2005; 
Kwak, Ahn, & Ahn, 2005). The use of β-glucan and phytosterols in dairy matrices as a health promoting 
ingredient has been under investigation in some studies, but there is no reported work on the combined 
effect of β-glucan and phytosterols on the textural properties of dairy products.   
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β-glucan is a soluble fiber of cellulose oligomers (β-(14) to β-(13)), derived from barley or oat, and 
able to form a weak gel network. This characteristic is a desirable attribute in water-continuous low-fat 
spreads or other semisolid dairy food products such as yogurt and cream cheese. It has been reported that 
β-glucan imparts moisture retention and modifies the texture and appearance of food products (Lazaridou 
& Biliaderis, 2007). As a fat replacer, β-glucan has been applied in low-fat semi-solid dairy product, such 
as yogurts (Sahan, Yasar, & Hayaloglu, 2008; Samadi Jirdehi, Qajarbeygi, & Khaksar, 2013), cheddar 
cheese (Konuklar, Inglett, Carriere, & Felker, 2004; Konuklar, Inglett, Warner, & Carriere, 2004), 
Kashar cheese (Sahan, Yasar, Hayaloglu, Karaca, & Kaya, 2008) and white-brined cheese (Volikakis, 
Biliaderis, Vamvakas, & Zerfiridis, 2004). Additionally, from nutritional and functional aspects, Food 
and Drug Administration (FDA) has approved the beneficial health effects of β-glucan such as reducing 
the risk of heart disease and lowering cholesterol level. The recommended level of β-glucan to have 
beneficial health effect is 3 g per day (FDA, 1997).  
 
Many investigators have reported the drawbacks of reducing fat in cream cheese. The textural defects, 
such as low spreadability, graininess and lack of mouthfeel and creaminess have been major concerns 
(Phadungath, 2005). Generally, single fat replacer cannot serve all the functions of fat, therefore the use 
of fat replacers in combination is a promising option to compensate for this lack in texture and sensory 
related attributes. Phytosterols have potential to be used as a fat substitute, since they do not provide any 
energy to the body but imparts similar attributes like fat. Furthermore, it is also possible to replace fat 
and enhance creamy texture of low-fat dairy products, such as yogurt, cheese spread and butter (Cantrill, 
2008). Commercially, there are two forms of phytosterols: free phytosterols (in crystalline powder, 
insoluble in water and poorly soluble in oil) and phytosterols esters (in semiliquid paste, higher solubility 
in oil). The variety of food matrices used in phytosterols functional foods has expanded beyond 
margarine spreads as incorporation technique for esterified and free phytosterols has improved (MacKay 
& Jones, 2011), but there is still limited information available on how phytosterols affect the physical 
characteristics of low-fat food products. In fact, no research has been reported incorporation of 
phytosterols in reduced-fat cream cheese in relation to texture. Based on Food Standard Australia New 
Zealand (FSANZ) standards, the daily-recommended doses for the purpose of lowering blood cholesterol 
levels are 2-3 g free phytosterols, or 3.4-5.3 g in esterified form.  
 
Free phytosterols exist as a crystalline powder with high melting point. Esterification of phytosterols 
increases the solubility in oil by tenfold and allows for greater incorporation of phytosterols into 
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functional food without significantly impacting taste or texture (MacKay & Jones, 2011). However, 
developing enriched products containing β-glucan and phytosterols is not a straightforward task. Major 
problems associated with incorporating phytosterols are solubility, grittiness, powderiness, chalky taste 
and lack of creaminess in the final product (Zawistowski, 2010). There are few studies that have 
investigated the inclusion of β-glucan alone on the textural, microstructural and rheological properties of 
yoghurt (Sahan et al., 2008; Samadi Jirdehi et al., 2013) and cheese (Konuklar, Inglett, Carriere, et al., 
2004; Konuklar, Inglett, Warner, et al., 2004; Tudorica, Jones, Kuri, & Brennan, 2004). The mechanism 
underlying the synergistic effect of β-glucan and phytosterols as fat replacers and functional ingredients 
in dairy products including reduced-fat cream cheese has not been reported. Therefore, this study aims 
to study the fat mimicking ability and the underlying mechanisms of β-glucan and phytosterols alone and 
in combination within a semi solid matrix like cream cheese.   
 
Based on its composition, there are three types of commercial spreadable cream cheese available in the 
market. Original cream cheese contains the highest amount of fat (25.7 %), while the other two types are 
lower in fat percentage. Light spreadable cream cheese, which is classified as reduced-fat product 
contains 13.7 % of fat. The extra light spreadable cream cheese is claimed to have less than 5 % fat which 
is produced to meet market demand for low-fat cream cheese. The use of stabilizer or fat replacer in 
reduced fat cream cheese is one of the possible methods to improve cream cheese texture resembling 
high-fat counterparts. Therefore, the aim of this study is to investigate the effect of the functional 
ingredients (β-glucan and phytosterols) on the textural, rheological, microstructural and lubrication 
properties of reduced-fat cream cheese.  
 
5.2. Materials and methods 
5.2.1. Materials 
The reduced-fat cream cheese samples were made from commercial cow milk with 1.3 % fat (w/w) 
obtained from local supermarket. Freeze dried mesophilic culture (FD-DVS R-704, Chr. HansenTM) and 
rennet (200 IMCU/mL, Chy-max PLUSTM) were used for acidification and coagulation during the 
process of manufacturing cream cheese. Table salt and cheese cloth were also obtained from local 
supermarkets. Two types of fat replacers (phytosterols and β-glucan) were used to improve cream cheese 
quality. Two-types of phytosterols obtained from soybean extract (powder and phytosterols ester) were 
applied, to study the effect in replacing fat in cream cheese matrix. Phytosterols ester (purity 97 %) was 
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purchased from Xi’an Healthful Biotechnology Co., Ltd (China) and were added directly into cheese 
curd. 
 
5.2.2. Preparation of cream cheese formulations 
5.2.2.1. Phytosterols emulsion preparation  
To fabricate phytosterols emulsion, phytosterols powder (purity of phytosterols 95.2 %, white crystalline 
powder) obtained from Xi’an Le Sen Bio-technology Co., Ltd (China) was dissolved in canola oil 
(Crisco100 % pure Australian canola oil) to 31.6 % phytosterol (w/w) concentration. The mixture was 
heated to 130 °C until the phytosterols powder dissolved completely in oil. A solution of 10 % sodium 
caseinate (NaCN) was prepared. The aqueous protein solution was stirred using an overhead mixer at 
500 rpm (overhead mixer) and heated at 45 °C for 20 min. The solution was then heated until 90 °C. The 
phytosterols solution at 130 °C was added to NaCN solution (90 °C) in the ratio of 1:1 and emulsified 
with Silverson mixer (a rotor-stator system, Model L2R, Silverson Machines Ltd., UK), at 5000 rpm for 
3 min. The composition of this emulsion was 15.8 % phytosterols, 34.2 % oil, 5 % NaCN, and 45 % 
water. 
 
5.2.2.2. β-glucan solution preparation  
β-glucan solution (10 % w/w) was prepared from oat β-glucan powder (purity 70 %), obtained from 
Hangzhou New Asia International Co., Ltd (China). The powder contains 70% of β-glucan, 15% of 
moisture content, ≤10% of ash and the remaining is unidentified impurity (5%). To make 10% (w/w) 
solution of β-glucan, the powder was dissolved in hot water (75 °C) and mixed using Ultra Turrax mixer 
at 12,000 rpm for 5 min, until it dissolved completely. 
 
5.2.2.3. Reduced-fat cream cheese production 
Reduced-fat cream cheese was prepared from 1.5 L milk (1.3 % fat), following the method described in 
Chapter 4 (Ningtyas et al., 2018). The milk was first heated to 28 °C in a water-bath to which starter 
culture (0.06 g) and rennet were added to initiate fermentation and coagulation. The fermentation 
continued for 8.5 hr until the pH dropped to 5 following which the curd was cut using a ladle. The curd 
was then subjected to heating (55 °C for 45 min). Subsequently the curd was drained using a colander 
lined with cheese cloth and left for 5 hr at ambient temperature and finally pressed for 5 min.     
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5.2.2.4. Cream cheese formulations 
Reduced-fat cream cheeses were formulated from cheese curd (5.5 % of milk fat) obtained by 
acidification of milk with a protein: fat ratio of 0.382. In total, two different phytosterols (phytosterols 
emulsion and phytosterols esters) were used to formulate reduced-fat cream cheese (RFCC). The final 
cream cheese contained 5.5 % milk fat, 3.2 % (w/w) of phytosterols and 3 % (w/w) of β-glucan. In order 
to find the formulation that meet the minimum amount of β-glucan and phytosterols according to FSANZ 
standards, preliminary experiments of the cream cheese with added phytosterols and β-glucan were 
conducted (results not shown). Hence, the focus was on 5 formulations with added β-glucan (BG), 
phytosterols emulsions (PS emulsions), phytosterols esters (PS esters), β-glucan and phytosterols 
emulsions (BG-PS emulsions), β-glucan and phytosterols esters (BG-PS esters). Three replicates of each 
formulations were made each time by using fresh batches. The enriched samples were compared with 
three control samples: two commercial spreadable cream cheese [high-fat (24.2 % fat) and reduced-fat 
(13.7 % fat)] and a low-fat cream cheese (LFCC) control without fat replacer prepared in-house 
(described in Figure 5.1). The three samples were marked as P1, P2 and LFCC control (without fat 
replacer) respectively. 
  
Figure 5.1. Manufacture of reduced-fat (5.5 % milk fat) cream cheese enriched with different fat replacer 
 
 
 
Cheese curd (obtained from milk with 1.3 % of fat 
Added fat replacers: 
1. PS esters – BG 
2. PS esters 
3. PS emulsion – BG 
4. PS emulsion 
5. BG 
Salt (0.5 % w/w) 
Water (2 % w/w) 
Mixed with Stephan mixer 
(Total weight of 500 g, speed 3000 rpm, 4 min) 
Medium-fat cream cheese with fat replacer 
(Milk fat: 5.5 %, PS: 3.2 %, BG 3 %) 
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5.2.3. Moisture determination 
The moisture content of the cream cheese was measured using a moisture analyser (Ohaus Halogen, MB 
45) as described in chapter 3 (Ningtyas et al, 2017). 3 grams of sample was distributed evenly on an 
aluminium drying pan. The measurement was setup in 3 heating steps: step 1 – 130 °C for 5 min; step 2 
– 105 °C for 1 min; and step 3 – 105 °C where the measurement ends after the final temperature 105 °C 
were stabil for 30 seconds. 
 
5.2.4. Particle size measurement 
The particle size analyses were performed by a laser light scattering particle size analyser (Malvern 
Mastersizer 2000, Malvern Instruments Ltd., UK). Cream cheese samples were dispersed in distilled 
water at room temperature until an obscuration rate of 12% was achieved under stirring conditions (2000 
rpm). The ultrasonicator was applied for 1 min before particle size measurement. The refractive indices 
used were 1.46 and 1.33 for fat and water, respectively. From the size distribution obtained, the D[4,3], 
D[3,2] and d(0.9) were calculated using the Malvern software. 
 
5.2.5. Microstructural analysis 
The physical arrangements of protein and fat globules of cream cheese samples with added fat replacers 
were observed by Zeiss LSM 700 Confocal Laser Scanning Microscope with a solid state laser. Protein 
was stained with Rhodamine B (0.005 % dissolved in PEG200), while fat was stained with Nile Red 
(0.02% dissolved in PEG200). The excitation was performed at 488 nm laser for the fat phase and at 555 
nm laser for the protein phase (Ningtyas et al, 2017). For samples containing β-glucan, a Calcofluor 
(American Cyanamide Co) was used, and visualized at 343 nm as described by Sharafbafi, Tosh, 
Alexander, and Corredig (2014). All the fluorescent dyes were added into samples in the same 
proportion, and left standing for 2 min to let the dyes penetrate the samples. 
 
5.2.6. Textural analysis 
Texture profile analysis (TPA) parameters (firmness, spreadability, adhesiveness) were determined by 
using a Texture Analyser (TA-XTplus, Micro Stable System Co., UK). A cone-shaped acrylic probe 
(TA15/1000, 45° angle, 30 mm diameter), was used with the following settings: pre-test speed 1 mm/s, 
distance 20 mm, trigger force 4.0 g at a data acquisition rate of 100 points. Two successive compressions 
were carried out at the test-speed and post-test speed of 2 mm/s. The cream cheese samples were kept in 
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70 mL container (54x44 mm) and the measurements were made immediately after removal from the 
fridge (4 °C). The firmness, spreadability and adhesiveness were calculated as described by (Bourne, 
2002). 
 
5.2.7. Flow and gel behaviour 
Rheological measurements were performed using TA Rheometer ARG2 (TA Instruments, USA) with 40 
mm stainless geometry glued with sand paper. The measurements were carried out using steady state 
shear with a gap distance of 1000 µm for the shear rate ranging from 0.1 to 1000/s. The samples were 
equilibrated at room temperature (22-25 C) for 1 hr before measurement. At the beginning of each test, 
the sample was equilibrated for 60 s at 35 C between the parallel plates. The gel behaviour of cream 
cheese samples was measured using a frequency sweep with a frequency ranging from 0.01-100 Hz 
within the linear viscoelastic range. Both the elastic modulus (G′) and viscous modulus (G″) were 
recorded as a function of frequency. 
 
5.2.8. Lubrication behaviour 
Tribological measurements (lubrication behaviour) on cream cheese samples were done with a Discovery 
Hybrid Rheometer, using ring-on-plate tribo-rheometry (TA Instrument, USA) on a rough plastic surface 
of 3M Transpose Surgical Tape 1527-2 as described by Nguyen, Bhandari, and Prakash (2016). To 
simulate the oral processing condition, tribology measurements were performed at 35 °C and at axial 
force 2 N. The samples were pre-sheared at 0.01/s for 1 min, and then equilibrated for another 1 min 
before each measurement. The speed ramps were performed at velocity from 30 to 0.01 rad/s with 20 
points per decade. All tests were conducted in triplicate to obtain average values. 
 
5.2.9. Statistical analysis 
One-way analysis of variance for all measurements (the factor being the fat replacer addition) was carried 
out to determine the significance of the individual differences at a 5 % level of significance. Three fresh 
batches of cream cheese samples were prepared. All experimental data were collated and analysed using 
Minitab® 16 statistical package. The results were reported as mean values for each attribute, and the 
Tukey’s test was performed for multiple comparisons of the treatments. 
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5.3. Results and discussions 
Reducing the amount of fat or the use of fat replacers in the manufacture of cream cheese significantly 
changes the cream cheese quality. The cream cheese microstructure is expected to be modified by the 
two fat replacers β-glucan and phytosterols. In order to have a comprehensive knowledge of the influence 
of each of the two ingredients as well as their synergistic effect on cream cheese, the conventional quality 
attributes like moisture content, textural characteristics, rheology and tribology behaviour, particle size 
distribution along with their microstructure were determined. 
 
5.3.1. Total moisture and fat content 
One of the most important strategies for improving the textural properties of cream cheese, especially 
reduced-fat cream cheese, is to increase the moisture content sufficiently equal or higher than its full-fat 
counterpart. The moisture content of enriched reduced-fat cream cheese samples were determined and 
compared to those of commercial cream cheese spread (P1 and P2) and LFCC control (without fat 
replacer) samples. The moisture contents of enriched cream cheeses were in the range of 65.29 % - 78.81 
% and considerably higher than those found in full-fat commercial control cream cheese (P1), except for 
PS emulsion formulations which had similar values (Table 5.1). Among all formulations, the highest 
moisture content was obtained for cream cheese containing only BG (78.81 %) which is comparable to 
cream cheese with added BG-PS esters (76.87 %). It is clear from Table 5.1 that cream cheese with β-
glucan had significantly higher moisture content than formulation containing only phytosterols 
presumably due to the increased water binding capacity of BG. β-glucan, categorized as a hydrocolloid 
is a water soluble compound with cellulose-like compound that can bind some water and interfere with 
the casein matrix, lowering the force involved in expelling water from curd particles (Koca & Metin, 
2004; Krog, 2011).  
 
The incorporation of phytosterols, as a fat replacer/texturizer especially in reduced-fat cream cheese, has 
not been previously reported. In this study, the use of phytosterols in emulsified or esterified form 
affected the moisture content of reduced-fat cream cheese. As indicated in Table 5.1, cream cheese with 
emulsified phytosterols has significantly lower moisture content (65.29 %) than with esterified 
phytosterols (70.50 %), possibly due to the water-linking capacity of the hydrophilic moieties in the 
emulsifiers (Lobato-Calleros, RamÍRez-Santiago, Osorio-Santiago, Vernon-Carter, & Hornelas-Uribe, 
2002). Moreover, addition of phytosterols (emulsified or esterified form) also increased the fat content 
of reduced-fat cream cheese, compared to LFCC (without fat replacer).  
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All the RFCC were formulated from cream cheese curd containing 5.5 % milk fat and 11.5 % protein 
from previous experiment (data not shown), with a constant protein:fat ratio of 2.62 (from cheese milk). 
By adding the fat replacers (β-glucan and phytosterols), the milk fat content of RFCC varied from 2.0 % 
- 5.3 %, the least amount found in BG-PS emulsion and the highest in cream cheese with PS ester. The 
milk fat content decreases accordingly based on the formulation and the amount of β-glucan and 
phytosterols added into cream cheese formulation. While, addition of BG slightly decreases the fat 
percentage due to the increase of cream cheese moisture content (Table 5.1), as also observed by Lee, 
Anema, and Klostermeyer (2004) in processed cheese spread with different fat content. A significant 
increase in moisture content was observed when BG was added together with PS (both ester and 
emulsified form) in to the cream cheese formulation with a total moisture percentage of 76.87 and 72.53 
%, respectively (Table 5.1). Among all the samples it was possible to achieve moisture content closer to 
the LFCC control or commercial reduced-fat cream cheese, with BG-PS emulsion addition.   
 
5.3.2. Particle size distribution 
It is well known that particle size correlates with microstructure and textural properties. Hence, the 
particle size distribution of the various cream cheese samples were measured (Figure 5.2) and the D[4,3], 
D[3,2] and d(0.9) are presented in Table 5.1. The particle size of cream cheese with added PS and BG 
were larger compared to LFCC control (without fat replacers), with the largest particles obtained from 
phytosterols emulsions (D[4,3] = 42.34 µm). The decreasing order of D[4,3] value is as follow : PS 
emulsion (42.34 µm) > BG-PS emulsion (23.95 µm) > BG-PS ester (15.82 µm) > PS ester (15.36 µm) > 
BG (14.05 µm). The smallest particle size was observed in cream cheese formulation with β-glucan, 
although not significantly different (P<0.05) from cream cheese with PS ester and BG-PS ester. The 
results from d(0.9) also support the D[4,3] values, with 90 % of the particle size from PS emulsion had 
the largest diameter (149.34 µm) and comparable with full-fat control P1 (124.03 µm). According to 
Ciron, Gee, Kelly, and Auty (2010), the diameter below which 90 % of the volume of particles are found 
(d(0.9)) is also reported to account for the presence of any large particles. 
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Figure 5.2. Particle size distribution of reduced-fat cream cheese (RFCC) containing fat replacers (BG 
= β-glucan, PS = phytosterols) and control cream cheese (P1 (commercial full-fat); P2 (commercial 
reduced-fat); LFCC control (without fat replacer) 
 
Figure 5.2 shows the particle size distribution of cream cheese with different fat replacers in their 
formulation. Interestingly, a significant difference was observed between the use of carbohydrate based 
fat replacer (β-glucan) and phytosterols (in emulsion or esterified form) in cream cheese formulation. 
Cream cheese with β-glucan in their formulation showed a monodisperse distribution, indicating that the 
size of particles was uniform but with the presence of low levels of small particles (<10 µm in diameter), 
while for cream cheese containing phytosterols, a bimodal distribution was observed. For cream cheese 
with fat replacers, the entire first peak was observed below 15 µm, while the second peak had a relatively 
large diameter, 65.81 µm and 164.91 µm for RFCC with PS ester and RFCC with PS emulsion, 
respectively. However, cream cheese with BG and PS emulsions were less uniform, as shown by slightly 
wider size distributions of particles. 
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Table 5.1. Total moisture, fat content, particle size and texture of reduced-fat cream cheese (RFCC) with 
added β-glucan and phytosterols 
 
 
Values are expressed as means ± SD from three replications. Samples with different letters between columns show significant difference 
according to Tukey’s pairwise comparison (P<0.05) 
* P1 (commercial full-fat control); P2 (commercial reduced-fat control) 
** All cream cheese were formulated from cheese curd contain 5.5 % of milk fat 
 
The difference between cream cheese with PS ester and PS emulsion was likely from the form of 
phytosterols. As can be seen from Table 5.1, RFCC with added phytosterols esters had smaller particle 
size (15.36 - 15.82 µm) compared to RFCC with added phytosterols emulsions (23.95 – 42.34 µm). The 
esterification process of phytosterols results in a lower melting point (25 °C – 45 °C) and an increase in 
fat solubility (ten-fold) than phytosterols powder. Therefore, when the soluble state of PS ester was mixed 
together with cheese curd using high-shear Stephan mixer, it will be disrupted creating a small particle 
size. According to MacKay and Jones (2011), phytosterols esters has greater potential  to be used with 
fatty food such as spread and developing functional foods without impacting taste or texture. In contrast, 
the free phytosterol crystalline powders (from PS emulsions) solidifies at low temperature and create 
bigger particle size.  Zawistowski (2010) also stated that particle size of free phytosterols found in market, 
typically range from 30 – 300 µm. These results are in agreement with the microscopy results, which are 
discussed in detail in section 5.3.3. 
 
However, addition of β-glucan together with PS emulsion in RFCC result in a reduction of the gel particle 
size of cream cheese significantly from 42.34 µm (without BG) to 23.95 µm (with BG). This is possibly 
due to the homogeneous BG solutions used in this experiment and the ability of BG to stabilize 
emulsions. The combination of heat and high shear treatment in making BG solutions may provide 
sufficient physical disruptive forces to break down the structures into a flowable BG solutions with 
unique fat mimetic properties, as has been described previously by Inglett (2000). Lazaridou and 
Biliaderis (2007) also state the ability of β-glucan to form thickened and stabilized creamy emulsions, 
creating a smooth texture and indulgent creamy mouthfeel in reduced-fat products.  
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Compared with commercial full-fat (P1) and reduced-fat (P2) cream cheese, the PSD of all samples 
formulated with β-glucan and phytosterols was significantly lower at around 1.2 µm – 250 µm, except 
for PS emulsion (maximum size ~650 µm). The second peak observed in samples with added 
phytosterols represent the particles from fat replacers that possibly were not disrupted during mixing at 
3000 rpm with Stephan mixer. 
 
5.3.3. Microstructure 
The confocal microscopy images for different formulations of cream cheese are presented in Figure 5.3. 
Reduced-fat cream cheese microstructure consists of a protein network of chains and aggregates with fat 
globules embedded within the network. Figure 5.3 (A-E) represent the confocal images for cream cheese 
with different formulation of fat replacer in the order BG-PS ester (A), BG-PS emulsion (B), PS ester 
(C), PS emulsion (D) and BG (E). Additionally the confocal images of P1, P2 and LFCC control (without 
fat replacers) (P3) were also determined.  From images, it is clear that each formulation presented a 
different structure of cream cheese matrix that reflects the physico-chemical changes occurring in cream 
cheese. The dye Calcofluor was used for staining β-glucan or other polysaccharides (cellulose, chitin, 
gum), interacts with free hydroxyl groups, while Rhodamine B, which is a hydrophobic molecules, 
stained the milk proteins. The β-glucan rich area appears blue (Figure 5.3 A, B, E), with red area represent 
casein matrix, and the fat globules was indicated by green or yellow globules in the cheese matrix because 
of the Nile red dye. 
 
 
 
 
RFCC BG-PS ester RFCC BG-PS emulsion 
a 
a 
b 
b 
A 
B 
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b 
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b 
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Figure 5.3. CLSM micrographs of reduced-fat cream cheese (RFCC) with various fat replacers (PS: 
phytosterols; BG: β-glucan). Images are representative of the overlay of signals obtained from Calcofluor 
(β-glucan), Rhodamine B (protein) and Nile Red (fat). (a) representing β-glucan, (b) representing fat 
globules, (c) representing vegetable gum. PC = phytosterols crystal 
 
LFCC control (without fat replacer) exhibited a more compact protein matrix containing milk fat globules 
in various sizes and forms, while both commercial control cream cheese (P1 and P2) showed a matrix 
consist of fat (green/yellow colour) and fat replacer (vegetable gum) indicated by blue colour (labelled 
as C) in between the protein matrix. The difference between P1 and P2 was also seen from its fat globule 
size, where P1 (full-fat control) had bigger size compared to P2 (reduced-fat control). Addition of β-
glucan and phytosterols in formulation (Figure 5.3 A-E) yielded a more open structure of protein matrix 
with higher porosity compared to the control samples. Possibly the extensive rearrangements of matrix 
during the mixing stage led to the formation of large pores and open structure in cream cheese with fat 
replacer. 
 
Micrographs of cream cheese containing PS emulsions (Figure 5.3 D) showed a continuous protein 
matrix containing predominantly larger size fat globules than esterified phytosterols (Figure 5.3 C). Fat 
globules were seen clustered in the protein matrix, probably due to the bigger free phytosterols crystalline 
powder size (~177 µm) used in this research. Similar large particles of phytosterols crystal (PC) were 
also observed in milk fat emulsions containing phytosterols by Zychowski et al. (2016). In contrast, 
cream cheese with phytosterols ester formulation showed more homogenous small particles distributed 
in the protein matrix. In order to get evenly distributed particles and smooth texture, Zawistowski (2010) 
Commercial reduced-fat control LFCC Control (without fat replacer) 
P2 P3 
b 
b 
C 
Chapter 5. Texture and lubrication properties of functional cream cheese: effect of β-glucan and phytosterols  
128 
 
suggests to use small particle size of phytosterols, preferably below 20µm, to reduce grittiness and 
powderiness texture. These images relate well with the particle size distribution result in Table 5.1.  
 
Addition of β-glucan to the cream cheese formulations altered the structure of cheese (Figure 5.3 A, B 
and E). Compared with formulations without β-glucan (Figure 5.3 C and D), micrographs of cream 
cheese samples with added β-glucan showed more open structure with large spaces in the matrix. This 
indicates that β-glucan as fat replacers are able to bind water and break the casein network (Tudorica et 
al., 2004), resulting in loose cream cheese structure. The fat particle size of the cream cheese containing 
only β-glucan (Figure 5.3 E) appeared to be smaller than the control (P1, P2), indicating effective role 
on fat emulsification. Also in the current study, the smaller fat globules could be due to the less fat in the 
formulation. 
 
5.3.4. Textural properties 
Due to the contribution of the processing parameters and product formulations, including the use of fat 
replacers on the textural properties of cheese products, the hardness, spreadability and adhesiveness of 
all the cream cheese samples with and without fat replacers were measured using a texture analyser 
(Table 5.1). All cream cheese samples with fat replacer showed comparable textural attributes similar to 
the full-fat control sample (P1). From Table 5.1, cream cheese samples containing β-glucan (BG-PS 
esters, BG-PS emulsions and BG) were not significantly different (P>0.05) from each other in terms of 
their firmness, spreadability and adhesiveness. However, incorporation of β-glucan and phytosterols in 
cream cheese formulation resulted in an increase in product firmness, spreadability, and adhesiveness 
when compared with LFCC control without fat replacer. This is in agreement with results of yoghurt 
formulation with beta-glucan and inulin addition (Brennan & Tudorica, 2008). The highest firmness and 
spreadability was obtained for cream cheese formulation with β-glucan and PS emulsion that is 1.99 N 
and 14.79 N.s, respectively. Cream cheese with phytosterols (emulsified and esterified) had lower 
firmness, spreadability and adhesiveness value as compared to other formulations.  
 
Cream cheese containing both β-glucan and phytosterols were firmer (firmness score of 1.85 N and 1.99 
N, for BG-PS esters and BG-PS emulsions respectively) compared to cream cheese with only β-glucan 
(1.83 N) or phytosterols (1.30 N and 1.43 N for PS emulsions and PS esters respectively, although their 
moisture content was high (Table 5.1). This can be associated with the higher amount of total solids in 
the cream cheese when β-glucan and phytosterols are added as suggested by Izadi, Nasirpour, Garoosi, 
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and Tamjidi (2015). The spreadability of cream cheese samples with added β-glucan were higher 
compared to formulations with added phytosterols (emulsified or esterified forms), Table 5.3. Thus, it 
can be inferred that the spreadability is closely related to fat content.  
 
The mean values presented in Table 5.1 indicate that cream cheese containing both β-glucan and 
phytosterols were significantly softer than reduced-fat commercial cheese (P2), but had comparable 
firmness with full-fat cream cheese (P1). The positive effect of β-glucan and phytosterols on the firmness 
of reduced-fat cream cheese can be related to its moisture content (Table 5.1), that plays an important 
role as plasticizer, replacing the function of fat. According to Wood (2007), β-glucan is a linear 
polysaccharides of (1→3) (1→4)–β-D-glucan with cellulose-like portions linked through (1→3) 
glycosidic bonds, which contribute to their ability to entrap water. Therefore, as the moisture content 
increased, the texture of cream cheese become softer similar to those with full-fat cream cheese 
(Konuklar, Inglett, Warner, et al., 2004; Sahan et al., 2008). The decreased spreadability of the cream 
cheese in the presence of phytosterols emulsions and phytosterols esters is due to their resemblance with 
the chemically similar structure of fat. As a fat mimetic, they are entrapped in the protein network 
loosening the casein matrix, thereby providing smoother and softer texture (Cantrill, 2008; Romeih, 
Michaelidou, Biliaderis, & Zerfiridis, 2002).  
 
Adhesiveness is defined as the force required to remove the cream cheese from the palate during oral 
processing which also describes the stickiness of the samples (Gunasekaran & Ak, 2002). The 
adhesiveness of cream cheese formulations containing β-glucan was higher and at par with P1 (in the 
range of 4.55 N/s – 4.8 N/s) than formulation without β-glucan (2.65 N/s and 3.33 N/s for BG-PS 
emulsions and BG-PS esters respectively), as can be seen from Table 5.1. The increased adhesiveness 
can be related with gelling ability of β-glucan in the presence of water and other food ingredients 
(Lazaridou & Biliaderis, 2007). A slight decrease in adhesiveness value was observed when only 
phytosterols (esters or emulsions) was added to the formulation. Cream cheese with PS emulsions has 
the lowest adhesiveness values (2.65 N/s) among other formulations, although slightly higher compared 
to P3. The decrease in adhesiveness might be explained by the ability of phytosterols crystals to disturb 
the casein matrix leading to weak gel formation (Giri, Kanawjia, & Rajoria, 2014), as phytosterols has 
similar structure like fat.  
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5.3.5. Rheological properties 
The rheological parameters of Gʹ, Gʺ and viscosity can be used to modify and control processing 
conditions in an attempt to manufacture high quality products. For spreadable food matrices, such as 
cream cheese, Gʺ is usually related to the flow of the filler through the proteinaceous network, while Gʹ, 
the elastic component of cheese, is an indication of the elasticity of the protein network and its filler 
components (Lucey, Johnson, & Horne, 2003). This research observed the effects of added β-glucan, 
phytosterols esters and phytosterols emulsions on the apparent viscosity and gel behaviour of reduced-
fat cream cheese, which are illustrated in Figures 5.4 and 5.5 and summarized in Table 5.2. As can be 
inferred from Figure 5.4, all samples showed a shear thinning behaviour, indicating the apparent viscosity 
decreases as shear rate increases. Both β-glucan and phytosterols (emulsified and esterified form) 
increased the viscosity of the products, comparable with commercial reduced-fat sample (P2) and LFCC 
control (without fat replacer).  
 
 
Figure 5.4. Apparent viscosity of reduced-fat cream cheese containing fat replacers (BG = β-glucan, PS 
= phytosterols) and control cream cheese (P1 (commercial full-fat control); P2 (commercial reduced-fat 
control); LFCC control (without fat replacer) 
 
The results for the flow behaviour of cream cheese formulated with β-glucan and phytosterols, compared 
with commercial control samples (P1 and P2) and LFCC control (without fat replacer),  are presented in 
Figure 5.4. The viscosity of cream cheese slightly increases with the addition of β-glucan (single or in 
combination with phytosterols) and the highest viscosity obtained with cream cheese with only added β-
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glucan (η50: 7.54 Pa.s). This trend suggests that β-glucan influences the viscosity because of their ability 
to entrap water within the three-dimensional network of the product (Brennan & Tudorica, 2008). 
Researchers (Daou & Zhang, 2012; Wood, 2007) associate the (1→3)-link of the cellulose chain of the 
high molecular weight linear polysaccharide (β-glucan) with its solubility in water.   
 
Table 5.2. The rheological behaviour of reduced-fat cream cheese (RFCC) containing β-glucan (BG), 
phytosterols esters (PS esters), and phytosterols emulsions (PS emulsions) 
Sample of cream 
cheese 
Viscosity η50 
(Pa.s) 
G′ 10rads-1 (Pa) G″ 10rads-1 (Pa) tan δ  
10rads-1 
LFCC control  
(without fat replacer)  
5.7 ± 1.1ab 3601 ± 722b 1070 ± 261b 0.31 ± 0.10a 
Formulated RFCC: 
BG-PS esters 
 
4.9 ± 0.5b 
 
3637 ± 799b 
 
691 ± 143b 
 
0.19 ± 0.0a 
PS esters 4.2 ± 0.5b 3889 ± 993b 1078 ± 317b 0.27 ± 0.0a 
BG-PS emulsions 6.0 ± 0.4ab 4711 ± 1010b 456 ± 592b 0.12 ± 0.1a 
PS emulsions 4.8 ± 0.1b 7854 ± 1119a 2210 ± 259a 0.28 ± 0.0a 
BG 7.5 ± 1.1a 4594 ± 155b 610 ± 204b 0.13 ± 0.0a 
Commercial control:* 
P1 
 
1.7 ± 0.2 
 
3680 ± 7 
 
793 ± 93 
 
0.22 ± 0.0 
P2 4.8 ± 0.5 5003 ± 1891 1140 ± 433 0.23 ± 0.0 
Values are expressed as means ± SD from three replications. Samples with different letters between rows show significant difference 
according to Tukey’s pairwise comparison (p<0.05) 
* P1 (commercial full-fat control); P2 (commercial reduced-fat control) 
 
Incorporating only phytosterols, in free or esterified form, produced cream cheese with lower viscosity 
that were not significantly different from each other and from control cream cheese samples (commercial, 
P2 and LFCC control without fat replacer) (Table 5.2). Reduction of viscosity due to the addition of 
phytosterols has been reported by other researchers (Giri et al., 2014; Izadi et al., 2015). The strength of 
the bonds between casein micelles, as well as their structure and distribution in the matrix determines the 
viscosity of cream cheese samples. Addition of phytosterols (emulsified or esterified form) to the 
gel/matrix of casein micelles with entrapped water may interrupt the gel structure of the cream cheese 
sample due to interaction of phytosterols and protein matrix. The lack of casein-casein interaction can 
lead to poor water holding capacity and result in decreased the viscosity of cream cheese.  
 
Figure 5.5 presents the effect of fat replacer addition on the gel behaviour of reduced-fat cream cheese. 
For all the cream cheese samples the trend of G′ and G″ increased as the angular frequency increased 
from 0.1-100 rad/s. Interestingly, the gel behaviour (G′ and G″) of cream cheese samples with different 
fat replacers were not significantly different except for cream cheese with only added PS emulsions 
Chapter 5. Texture and lubrication properties of functional cream cheese: effect of β-glucan and phytosterols  
132 
 
which showed the highest G′ and G″ values at 10 rad/s of 7854.58 Pa and 2210.58 Pa respectively (Table 
5.2).  The small amplitude oscillation test, showed that storage modulus (G′) are higher than loss modulus 
(G″) throughout the measurement, indicating that the cream cheese samples behave as gel-like elastic 
networks. This behaviour was observed in all samples and is consistent with known rheological 
behaviour of semi solid dairy product such as cream cheese and yoghurt (Laguna, Farrell, Bryant, 
Morina, & Sarkar, 2017). As can be seen from Table 5.2, the G′ value at 10 rad/s varied as follows: PS 
emulsions>BG-PS emulsions>BG>PS esters>BG-PS esters, and for G″ as follows: PS emulsions>PS 
esters>BG-PS esters>BG>BG-PS emulsions.  
 
Figure 5.5. Storage modulus (G′: black symbols), loss modulus (G″: empty symbols) of reduced-fat 
cream cheese (RFCC) containing fat replacers (BG = β-glucan, PS = phytosterols) and circle coloured 
symbols with line for control cream cheese (P1 (commercial full-fat); P2 (commercial reduced-fat); 
LFCC control (without fat replacer)) 
 
A possible explanation for higher G′ and G″ of cream cheese with PS emulsions is the source of PS used 
in this study that has low solubility and tend to crystallize on cooling as mentioned earlier in section 
5.3.2. The current study also found that cream cheese containing β-glucan are characterised by increased 
G′ values in comparison with cream cheese control (without fat replacers, P3). This phenomena is also 
supported by low tan δ values with the addition of β-glucan.  The Gʹ values (5003 Pa) of reduced-fat 
commercial cheese (P2) is similar to formulation with BG (4594 Pa) and BG-PS emulsion (4711 Pa). 
The G’ values from rheology are in agreement with the firmness scores from texture analyser (Table 5.1). 
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The increased G’ is a result of the increased total solids due to the addition of β-glucan similar as previous 
results (Brennan & Tudorica, 2008; Izadi et al., 2015). This indicates that the inclusion of β-glucan, as 
fat replacer, has positive effects in the production of low-fat dairy product because of the interactions of 
β-glucan-fat-casein networks.  
 
5.3.6. Tribological behaviour 
Reformulation of foods and dairy products with reduced fat using fat replacer poses a challenge, since 
this effects the perceived texture and mouthfeel of products. It is well recognised that rheological 
parameters are not sufficient to predict these attributes. Therefore tribological measurements to 
understand the effect of fat replacer on the lubrication behaviour of reduced-fat cream cheese quality 
were conducted. Figure 5.6 shows the tribology analysis for cream cheese formulated with β-glucan and 
phytosterols in comparison with P1, P2 and LFCC control (without fat replacer) measured at a normal 
force of 2 N. 
 
Figure 5.6. Lubrication properties (measured as coefficient friction) of reduced-fat cream cheese (RFCC) 
containing fat replacers (BG = β-glucan, PS = phytosterols) and control cream cheese (P1 (commercial 
full-fat); P2 (commercial reduced-fat); LFCC control (without fat replacer)) at normal force 2 N 
 
From Figure 5.6 it is clear that there were differences in coefficient of friction as the sliding speed 
increased for cream formulated with different fat replacers. Higher friction coefficient were observed for 
cream cheese that contained only β-glucan (~0.23–0.3) when compared to other formulation (BG-PS 
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ester, BG-PS emulsion, PS ester, PS emulsion) (~0.16-0.25) at the low sliding speed regime (<10 mm/s). 
Interestingly, among other formulations, cream cheese with BG-PS ester showed a steady increase in 
friction coefficient throughout the measurement, indicating no clear transition from medium speed to 
high sliding speed regime. A possible explanation for the high coefficient of friction is the presence of 
β-glucan, which forms a highly viscous solution increasing the friction of samples. Similar higher friction 
coefficient were obtained by Laguna et al. (2017) in low-fat cream cheese and associate it with the 
presence of carbohydrate-based fat replacers, such as hydrocolloid (carob gum and carrageenan).  
 
The friction coefficient curve of cream cheese with BG-PS emulsion, PS emulsion and PS ester exhibited 
similar behaviour like LFCC control without fat replacer, although the friction coefficient was higher 
compared to the commercial cream cheese samples of P1 and P2. The low speed regime was the smallest 
for full fat commercial cream cheese (P1), where in cream cheese matrix the fat plays an important role 
as a lubricant. Both types of phytosterols provided similar lubrication properties and the COF was the 
least among all the samples in our study at all three regimes. This is expected as both the phytosterols 
are fat mimetic that can enhance creamy texture and provide lubrication properties of low fat dairy 
products (Cantrill, 2008). The findings of this study suggest that the effect of phytosterols addition is 
more pronounced in lubrication properties, in contrast with β-glucan, due to similarity of phytosterols 
chemical structure to fat.  
 
5.4. Conclusions 
This study highlighted the effect of fat replacer on textural characteristics of reduced-fat cream cheese. 
The role of fat replacer and protein is emphasized by the results obtained from rheology, particle size 
measurement, microstructure and tribological analysis. Cream cheese with β-glucan as carbohydrate-
based fat replacer showed a relatively high moisture content, firmness and adhesiveness due to the ability 
to bind water and form a viscous solution. The presence of β-glucan in cream cheese matrix act as a filler 
and break the casein-casein interaction that result in a weak structure. The only drawback of adding β-
glucan is the lack of lubrication properties, hence result in higher friction coefficient and less spreadable 
cream cheese. However, incorporating phytosterols (emulsified or esterified) into cream cheese 
formulation provide lubrication by reducing friction coefficient. Being similar in chemical structure to 
fat, phytosterols also behave the same interrupting the casein matrix and softening cream cheese texture. 
The particle size in PS emulsion formulation were bigger than the cream cheese control samples and 
distributed unevenly in casein matrix. The microstructure images showed the crystal of free phytosterols 
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and they may cause grittiness and powderiness in the final product. Unlike PS emulsion, the particle size 
in cream cheese samples with PS ester were relatively low and comparable with β-glucan enriched cream 
cheese, however compared with LFCC control without fat replacer, all formulation with fat replacer 
showed larger particle size. Therefore, both β-glucan and phytosterols ester have the potential to be used 
in combination as they exhibit a synergistic effect to improve reduced-fat cream cheese texture. Further 
work with β-glucan–phytosterols-casein interaction, needs to be conducted to study the mechanisms of 
β-glucan and phytosterols addition in cream cheese for acceptable rheological, textural and sensory 
quality attributes. As a continuation of this study, ongoing research is being undertaken to investigate the 
relationship between textural and tribological characteristics with human sensory perception.      
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Chapter 6.  
 
Sequential aspects of cream cheese texture perception using Temporal Dominance of Sensations 
(TDS) tool and its relation with flow and lubrication behaviour (*) 
 
Abstract 
Temporal Dominance of Sensations (TDS) is a sensory descriptive tool that provides information about 
the sequence of the dominant attributes in a product when processed in the oral cavity and their 
subsequent changes over time. In humans, texture perception of any food is a dynamic process that plays 
a major role in the acceptance of the food. The TDS tool allows understanding the dynamic textural 
sensation in the mouth. In this work, this tool was applied to study the creaminess, smoothness, 
cohesiveness, thickness, and mouthfeel of cream cheese added with β-glucan and phytosterols (esterified 
and native). A trained sensory panel perceived the dynamic textural sensations introduced by cream 
cheese with and without these functional ingredients. The TDS data obtained showed that the first 
dominant attribute depends on the ingredient that make-up the cream cheese. The textural attributes of 
cohesiveness, thickness, and smoothness were the first dominant attributes while mouth coating 
significantly dominated at the end of mastication for all cream cheese added with functional ingredients. 
However, in reduced fat cream cheese without functional ingredients mouth coating was the only 
significant dominant attribute (dominance rate of 40%) throughout the oral processing. The TDS results 
complemented the instrumental characterisation of the cream cheese sample where the addition of these 
ingredients significantly increase the firmness (from 0.85 up to 1.99 N) and made them less spreadable 
(from 6.6 up to 14.8 N/s). Rheology/tribology data also correlated well with the thickness/creaminess 
sensations. The use of phytosterol in native form tended to increase the viscosity of the cream cheese, 
while the esterified form contributed to the lubrication properties similar to fat, lowering the coefficient 
of friction. The TDS profile of high-fat cream cheese, characterised by the highest dominance rate (70 
%) of creaminess also represented the least coefficient of friction. 
 
(*) This chapter has been published as a research paper in the Food Research International (IF = 3.52): 
NINGTYAS, D. W., BHANDARI, B., BANSAL, N., & PRAKASH, S. 2019. Sequential aspects of cream cheese 
texture perception using Temporal Dominance of Sensations (TDS) tool and its relation with flow and lubrication 
behaviour. Food Research International, 120, 586-594. The manuscript was modified to keep the format consistent 
throughout the thesis.   
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6.1. Introduction 
Increased fat consumption is a major concern for public health worldwide. There is a strong scientific 
evidence that high fat intake, especially saturated fat, is responsible for increased cholesterol levels, 
which may result in certain chronic diseases such as obesity, cardiovascular disease, and cancer (Sattar, 
Sameen, Huma, & Shahid, 2015; Shahidi & Senanayake, 2000). The World Health Organisation, 
therefore, recommends limiting daily total fat intake to less than 30 % of total energy intake (WHO, 2015 
and FSANZ, 2016). The demand for reduced-fat and the low-fat product has increased in the last decade, 
due to consumer’s awareness of the relationship between diet and health.    
 
However, reducing the fat from cream cheese is a big challenge in the food industry, because it often 
leads to a loss of sensory qualities (including textural attributes) and impacts their acceptance by the 
consumer (Folkenberg & Martens, 2003). However, the properties fat impart to a product can be 
introduced through fat replacers (β-glucan and phytosterols) that improve cream cheese textural 
properties (Ningtyas, Bhandari, Bansal, & Prakash, 2018). The interaction between the fat replacers and 
casein creates an open structure of cream cheese matrix with a soft texture and increased spreadability as 
observed by Ningtyas et al. (2018). β-glucan is able to absorb water and maintain the moisture content 
of cream cheese while phytosterols as fat mimetic are entrapped in the protein network loosening the 
matrix, thereby providing softer texture. However, research on developing a reduced-fat cream cheese 
with β-glucan and phytosterols is limited especially in relation to textural changes. In this context, the 
texture resulting from reducing the lipid content in cream cheese is important for consumer acceptance, 
hence a reliable sensory methodology to evaluate the changes in cream cheese texture during oral 
processing is essential.  
 
Texture perception of semi-solid products is mainly determined by the composition and structure of the 
foods that changes during oral processing. The sensory terms associated with fat textural attributes are 
very specific and the overall acceptability to buy reduced-fat food is largely based on texture attributes 
perceived by the senses directly (Kupirovič et al., 2017, Engelen and Van Der Bilt, 2008). Many attempts 
have been made to produce healthy food with low-fat content to fulfill consumer expectations and a study 
by Janhoj et al. (2009) has correlated the sensory analysis (QDA) and instrumental measurement of 
reduced-fat cream cheese. However, studies on how the texture perception of reduced-fat cream cheese 
changes during oral consumption has never been investigated. Temporal Dominance of Sensations 
(TDS), a new technique, allows evaluating the dynamic sensory perceptions of several attributes during 
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consumption. There are just over 100 published research articles that discuss  TDS as a  simple quick 
application or method that allows 8-10 sensory attributes to be accessed simultaneously (Labbe, Schlich, 
Pineau, Gilbert, & Martin, 2009; Le Révérend, Hidrio, Fernandes, & Aubry, 2008; Pineau et al., 2009). 
This technique requires a sophisticated sensory software such as FIZZ, SensoMaker, or Redjade to collect 
and record all the sensations perceived by the panelist during oral processing. The TDS software presents 
the list of several attributes on the screen that allows panelists to choose any dominant sensation at each 
point of time during product tasting (Labbe et al., 2009; Pineau et al., 2009).  
 
Recent studies have applied TDS technique  to evaluate the texture perception in  dairy products (yogurt 
and ice cream) (Bouteille et al., 2013; Bruzzone, Ares, & Giménez, 2013; Varela, Pintor, & Fiszman, 
2014), meat products (Devezeaux de Lavergne, Derks, Ketel, de Wijk, & Stieger, 2015), fish sticks 
(Albert, Salvador, Schlich, & Fiszman, 2012), biscuits (Laguna, Varela, Salvador, & Fiszman, 2013), 
breakfast cereals (Lenfant, Loret, Pineau, Hartmann, & Martin, 2009), and cheese (Ares et al., 2015; 
Bemfeito, Rodrigues, Silva, & Abreu, 2016; Deegan et al., 2013; Saint-Eve, Panouillé, Capitaine, 
Déléris, & Souchon, 2015). To the best of our knowledge, no study has reported investigating the 
dynamic texture of cream cheese during oral processing. The only TDS research found on cream cheese 
was reported by da Silva, de Souza, Pinheiro, Nunes, and Freire (2014) to determine the salting power 
of different salt substitutes. Many studies have investigated the texture of reduced-fat cream cheese using 
sensory, rheology and tribological analyses (Almena-Aliste & Kindstedt, 2005; Bemer, Limbaugh, 
Cramer, Harper, & Maleky, 2016; Brighenti, Govindasamy-Lucey, Lim, Nelson, & Lucey, 2008; Janhoj, 
Frost, Prinz, & Ipsen, 2009; Jeon, Lee, Ganesan, & Kwak, 2012; Miri & Habibi Najafi, 2011; Ningtyas, 
Bhandari, Bansal, & Prakash, 2017; Ningtyas et al., 2018) with an objective to explain the textural 
changes as influenced by fat content through instruments such as rheometer, tribometer and texture 
analyser. However, the rheological and textural studies seem insufficient to predict the sensory properties 
perceived during consumption. Thus, to get a better understanding of the influence of fat replacers on the 
texture of reduced-fat cream cheese, it is important to incorporate the role of dynamics of food oral 
processing with the modifications of texture and mechanical properties. 
 
Fat replacers like β-glucan and phytosterols affect cream cheese texture through different mechanisms 
that include increased viscosity and water retention providing the lubrication properties similar to fat 
(Cantrill, 2008; Lazaridou & Biliaderis, 2007). When used together, the β-glucan-phytosterol complex 
disrupts the casein-casein interactions in cream cheese matrix thereby creating a softer and spreadable 
product (Ningtyas et al., 2018). The present study investigates the influence of fat replacers (β-glucan 
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and phytosterols) on reduced-fat cream cheese texture by dynamic sensory method (TDS) and 
instrumental analysis with the purpose of gaining a better understanding of the changes in cream cheese 
texture as perceived during oral processing.  
 
6.2. Materials and methods 
6.2.1. Materials 
The cream cheese samples were made from commercial cow milk with 3.4 % fat (w/w) for high-fat cream 
cheese (HFCC) and 1.3 % fat (w/w) for medium-fat cream cheese (MFCC) obtained from a local 
supermarket. The mesophilic culture FD-DVS R-704 and rennet (Chy-max PLUS) from Chr. Hansen 
Pty. Ltd., Bayswater, Australia were used during cream cheese manufacture. Emulsified and esterified 
phytosterols from soybean were used to formulate reduced-fat cream cheese (RFCC). Phytosterols 
powder (purity 95.18 %) and phytosterols ester (purity 97 %) were purchased from Xi’an Le Sen Bio-
technology Co., Ltd., China and Xi’an Healthful Biotechnology Co., Ltd., China, respectively. Oat β-
glucan powder (purity 70 %) from Hangzhou New Asia International Co., Ltd., China were used to make 
a β-glucan solution (10 % w/w) as described previously in Chapter 5 (Ningtyas et al., 2018). The powder 
contains 70 % of β-glucan, 15 % of moisture content, ≤ 10 % of ash, and the remaining is unidentified 
impurity (5 %). Both β-glucan and phytosterols are recognized as GRAS and the addition of these 
ingredients in reduced-fat products such as cream cheese is regulated by USDA and FSANZ.  
 
6.2.2. Cream cheese preparation 
Four cream cheese samples were made: high-fat cream cheese (HFCC), medium-fat cream cheese 
(MFCC), reduced-fat cream cheese with β-glucan and phytosterols ester (RFCC BGPS ester), and 
reduced-fat cream cheese with β-glucan and phytosterols emulsion (RFCC BGPS emulsion). Two 
samples were made by modifying the fat content of the milk (HFCC and MFCC) while the other two 
(RFCC BGPS ester and RFCC BGPS emulsion) were formulated with the addition of fat replacers (β-
glucan and phytosterols) following the method as described in chapter 5 by Ningtyas et al. (2018). Rennet 
and starter culture were added to pasteurised milk and allowed to ferment at 28 °C for 8.5 hrs. The 
fermented milk gel was then heated at 55 °C for 45 min and drained for 5 hrs to get cream cheese curd. 
The curd was then mixed using a Stephan mixer at 3000 rpm for 4 min. For HFCC and MFCC, the curd 
from different fermented milk (3.4 % fat and 1.3 % fat respectively) were mixed only with salt (0.5 %). 
Meanwhile, for formulated RFCC, the curd (from milk with 1.3 % fat) were mixed with salt (0.5 %), two 
types of phytosterols (PS emulsion or PS ester) and β-glucan solution. The preparation of PS emulsion 
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and β-glucan solution were adopted from Ningtyas (2018). PS emulsion was made by mixing casein 
solution (10 %) at 90 °C and a mixture of PS powder –canola oil (31.6 % PS) at 130 °C in a ratio 1:1 
with Silverson mixer at 5000 rpm for 3 min. β-glucan solution (10 %) were prepared by dissolving β-
glucan powder in hot water (75 °C) and mixed using IKA Ultra Turrax mixer at 12,000 rpm until it 
dissolved completely.  
 
Thus the four in-house prepared samples of cream cheeses are HFCC, RFCC, RFCC with β-glucan and 
PS emulsion (RFCC BGPS emulsion) and RFCC with β-glucan and PS ester (RFCC BGPS ester) that 
were compared with a commercial extra light spreadable cream cheese (4.7 % fat), marked as LFCC-EL. 
Three fresh batches of cream cheese were manufactured exactly the same way for TDS session (3 
replication). The samples were stored in sealed plastic containers at 4 °C throughout the analysis period. 
 
6.2.3. Cream cheese instrumental analysis 
The particle size distribution, texture profile, rheological and lubrication properties of the various cream 
cheese samples were measured using the method described in Chapter 3 (Ningtyas et al., 2017). The 
particle size analyses were performed using a Mastersizer 2000 (Malvern Instruments Ltd., 
Worcestershire, UK) with a refractive index of 1.46 and 1.33 for gel particles and water respectively. A 
two compression test using a cone-shape acrylic probe (TA15/1000, 45° angle, 30 mm diameter) at the 
test and return speed of 1 mm/s were performed to determine the firmness, spreadability, and 
adhesiveness using a texture profile analyser (TA-XT plus, Micro Stable System Co., UK). The rheology 
measurement (steady shear viscometry and dynamic oscillation) was carried out in a stress-controlled 
ARG2 rheometer (TA instrument, USA) using 40 mm parallel plate geometry glued with sandpaper on 
steady shear rate ranging from 0.01-1000 /s. Lubrication properties were characterised using ring-on-
plate tribo-rheometry with a Discovery Hybrid Rheometer (TA Instruments, USA) at the axial force of 
2 N with an increasing sliding speed from 0.1 to 600/s. A 3M transpose surgical tape was used as a 
surface to mimicking the human tongue. All the data reported are mean values for each attribute from 
three fresh batches of cream cheese. Minitab® 16 statistical packages were used to carry out one-way 
ANOVA to determine the significant differences between the five cream cheese samples at a 5 % level 
of significance. 
 
6.2.4. Temporal Dominance of Sensations (TDS) 
6.2.4.1. Selection and training of panelists 
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Ten sensory assessors (7 males and 3 females) aged between 26-31 years and familiar with quantitative 
descriptive analysis (QDA®) of cream cheese participated in this study. To allow participants to get 
acquainted with the TDS technique and understand the dynamic sensations perceived during oral 
processing of cream cheese, four preliminary sessions were conducted as suggested by Laguna et al. 
(2013). In the first two sessions, the concepts of TDS were introduced to the assessors. The assessors 
also evaluated three commercial cream cheese with different fat content and generated a list of the term 
related to textural changes during consumption. A list of five most relevant textural attributes (thickness, 
cohesiveness, creaminess, smoothness, and mouth-coating) was picked for the final evaluation. The last 
two sessions devoted towards familiarising the assessors with using TDS software for registering their 
textural perception over time. Assessors were required to press the “Start” button and evaluate 
immediately as soon as the sample was placed in the mouth. They were instructed to choose the dominant 
sensations at a given point of time and score the intensity during consumption, although TDS technique 
does not consider intensity as the key information recorded during a TDS task. They were also trained 
that not all attributes ought to essentially be chosen as dominant and that a given attribute can be chosen 
as predominant a few times during the assessment. Swallowing the sample marked the end of the 
evaluation with assessors pressing the “Stop” button. The TDS method described in Varela et al. (2014) 
and Bruzzone et al. (2013) was used in this research with slight modification. Inform consent was taken 
at the start of this study from the participants. The study was approved by Human Research Ethics 
Committees (2010000300) at the University of Queensland. 
 
6.2.4.2. Formal assessment 
The three sessions of TDS evaluation were held on three different days in order to conduct three 
replications. In each of the sessions, five samples were presented monadically on a plastic tray as per a 
complete balanced experimental design. 20 g of each sample was placed in a spoon and served to the 
assessors at 10 °C in plastic cups labeled with a three-digit number. The computer screen presented the 
assessors with the five attributes (Table 6.1), each attribute associated with an unstructured scale ranging 
from “not intense at all” to “very intense”. The technique applied to evaluate each attribute during TDS 
evaluation were similar to the previous study on cream cheese textural and sensory studies described by 
Brighenti (2009). 
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Table 6.1. Attributes and their definitions generated by the trained assessor 
Attributes Definition Technique 
Texture   
Thickness Mechanical property perceived when 
compressing the product between the tongue and 
the palate 
Low (thin) ------------------------------ High (thick) 
Place sample on the tongue, 
compress it against the palate 
once at a steady rate 
Creaminess Combined  perception of fat, smoothness, and 
viscosity 
Not perceived ------------------------- Very Intense 
Same as above  
Smoothness Geometric property related to the perception of 
the size and form of the particles 
Rough (grainy) ------------------------------ Smooth 
Place the sample in the 
mouth and manipulate it 
thoroughly 
Cohesiveness Mechanical attribute relating the degree to which 
a substance can be deformed before it breaks 
Low (easy to break) --------------------------- High  
Place the sample in the 
mouth; compress it with the 
tongue against palate at least 
5 times or  breakdown 
sample by manipulating 
between tongue and palate  
Mouthfeel   
Mouth coating The mouthfeel of the product once swallowed, the 
perception of a thin layer covering the palate 
Not perceived --------------------------Very Intense 
Once swallowed  
 
6.2.4.3. TDS data analysis 
The data was collected using the RedJade® software. The attribute chosen as dominant and the time when 
the dominance started and stopped were collected for each assessor in all sessions. In the TDS curves, 
the period when a sensation was dominant for a product at panel level (dominance rate) was computed 
at each point of time (Lenfant et al., 2009). To get more information from TDS curves, two lines were 
drawn: chance level (P0) and significance level (Ps) (Labbe et al., 2009; Pineau et al., 2009). The chance 
level is the dominance rate that an attribute can obtain by chance. Its value is inversely proportional to 
the number of attributes (P0=1/p, where p is the number of attributes). The significance level is the 
minimum value for the rate to be considered significant, which is calculated based on an equation as 
follows: 
 
Chapter 6. Cream cheese texture perception using TDS tool  
147 
 
𝑃s = 𝑃o + 1.645√
𝑃o(1 − 𝑃o)
𝑛
 
where Ps is the lowest significant proportion value (α = 0.05) at any point of time for a TDS curve and n 
is the number of subject x number of replications. 
 
6.3. Results and discussion 
6.3.1. TDS profile of the five cream cheeses 
The normalized TDS curves for each evaluated cream cheese sample with the standardized time (%) as 
the x-axis and the dominance rate (%) as the y-axis are presented in Figure 6.1. For interpreting TDS 
profiles, two lines representing the “chance level” and the “significance level” were added to the graphs. 
When the TDS curve for an attribute rises above the significance level, the attribute is considered 
consistent at the panel level. For example, the TDS profile of RFCC BGPS emulsion (Figure 6.1 A) 
showed a panel agreement in all attributes. The significant dominant attributes for RFCC BGPS emulsion 
were smoothness, creaminess, and mouth-coating, while for HFCC thickness was perceived as the first 
significantly dominant attribute (at 15 % of consumption time) followed by smoothness, creaminess, and 
mouth-coating. Among all the samples tested, MFCC (Figure 6.1 C) was the least complex product with 
mouth-coating (maximum dominance rate of 40%) being the only attribute perceived significantly 
dominant throughout consumption, while smoothness did not reach significance level. This result 
suggests that the addition of fat replacer in reduced-fat cream cheese increases the dominance of mouth-
coating sensation.     
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Figure 6.1. Normalized TDS curves for different cream cheese samples: (A) RFCC BGPS emulsion; (B) 
RFCC BGPS ester; (C) MFCC; (D) HFCC; (E) LFCC-EL    
 
The variation in the sequence of dominant attributes within samples that determine the differences in 
their first in-mouth impression among assessors is presented in the TDS profile curves (Figure 6.1). The 
TDS profiles suggest several sensations (thickness, cohesiveness, and smoothness) were perceived as 
dominant for reduced-fat cream cheese with added β-glucan and phytosterols as well as commercial 
LFCC-EL, at the start of oral processing. Interestingly, with the addition of β-glucan and phytosterols 
(emulsified and esterified), the first dominant attribute perceived by the panellist was cohesiveness 
(Figure 6.1 A and B). However, for commercial LFCC-EL with 4.7 % fat (Figure 6.1 E), smoothness 
was perceived as significantly dominant by the assessors right from the start of oral processing. A similar 
result was observed with HFCC (Figure 6.1 D) where the smoothness was the first dominant attribute 
with the dominance rate maximum of 30 % at the first 10 % of consumption time. At the end of the oral 
processing, mouth-coating appeared as the dominant sensation for all cream cheese samples.  
 
Thickness and cohesiveness are bulk textural properties; hence, it is not surprising that these attributes 
are perceived early on during oral processing when there is a significant amount of food in the mouth. 
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van Aken, Vingerhoeds, and de Hoog (2007) also stated that thickness was associated with the early 
stage of oral processing. Smoothness is primarily a surface attribute and the sensation can be felt when 
the bulk of the product rubs against the palate initially. Similar results were obtained with custard and 
mayonnaise where the texture attributes associated with surface & bulk properties, such as thickness and 
cohesiveness, is the attribute perceived soon after intake of the food products (de Wijk, Engelen, & Prinz, 
2003; de Wijk, van Gemert, Terpstra, & Wilkinson, 2003). These attributes are sensed relatively quickly 
when the bolus is relatively intact with intense oral processing (de Wijk, Janssen, & Prinz, 2011). In a 
semisolid product such as cream cheese, from the time the food is placed in the mouth, the oral processing 
starts with movements between tongue and palate resulting in mechanical deformation and structural 
breakdown of cream cheese. In addition, the reduction in cream cheese viscosity may probably be due to 
the saliva interaction as has been reported by Terpstra (2008). Hence, the sequence of attributes perceived 
in cream cheese samples was cohesive and thick at early stages of mastication which gradually decreases 
in the middle of consumption time after the bolus mixed with saliva. At the end of consumption, mouth-
coating is the dominant attributes because these attributes are associated with a thin layer covering the 
palate and can be perceived after swallowing. 
 
6.3.2. Rheology and sensory thickness and cohesiveness perception 
Thickness and cohesiveness are two sensations related to the flow behaviour and firmness of cream 
cheese. The sensory perception of thickness is based on the force required to press the cream cheese 
between tongue and palate and it is generally accepted that these attributes directly correlate with both 
small and large-scale deformation rheological measurements (Malone, Appelqvist, & Norton, 2003). The 
TDS curves (Figure 6.1) show that thickness and cohesiveness decreased continuously as the cream 
cheese is manipulated inside the mouth due to the interaction between the food and saliva together with 
the movement of tongue to deform the cheese (Chen, 2014). A reduction in cream cheese viscosity was 
also observed from the flow behaviour results for all the cream cheese samples as the shear rate increased 
from 0.01/s to 1000/s.(Figure 6.2). All cream cheese samples showed a non-Newtonian shear thinning 
behaviour both during oral processing and from instrumental measurement.  
 
During the first 10 % of the consumption time, thickness and cohesiveness were the most dominant 
sensation detected in RFCC BGPS emulsion although it was not significant throughout consumption, 
similar to RFCC BGPS ester. The assessors perceived the thickness as dominant only until 40 % of total 
oral processing time. With RFCC BGPS emulsion, cohesiveness appears as dominant thrice at 5-30 %, 
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>30-48 %, and 58-68 % of the consumption time with higher dominance rate (in the range of 30-33 %) 
compared with RFCC BGPS ester, even though it did not reach significance level. Interestingly, for 
LFCC-EL, the thickness was perceived significantly dominant after 30 % of total consumption time and 
gradually decreased halfway through the total oral processing time. Previous studies have also found 
these two textural attributes are often perceived at the beginning of mastication and mainly related to 
small deformation and bulk properties of foods (rheology) as well as textural properties (firmness) 
(Foegeding, Stieger, & van de Velde, 2017).    
 
Figure 6.2. The apparent viscosity of cream cheese samples. Each bar presents the mean ± standard 
deviation of three replicates. 
 
The sensory perception of thickness and cohesiveness (Figure 6.1) are in agreement with the viscosity 
trend obtained from rheometer measurements (Figure 6.2). At low shear rate (below 20/s), the RFCC 
BGPS emulsion was the most viscous cream cheese followed by LFCC-EL, RFCC BGPS ester, HFCC, 
and MFCC although, at shear rate 50/s, the viscosity data (Table 6.2) shows that MFCC is more viscous 
than RFCC with fat replacer. The rheology results are also in agreement with the firmness of cream 
cheese obtained from TPA analysis (Table 6.2). As indicated in Table 6.2, the firmness of cream cheese 
with fat replacers (RFCC BGPS emulsion, RFCC BGPS ester, LFCC-EL) was significantly higher 
compared to cream cheese without fat replacers (MFCC and HFCC). Although it was not significantly 
different, RFCC BGPS emulsion was firmer (1.99 N) compared to RFCC BGPS ester (1.85 N), as 
observed previously by Ningtyas et al. (2018). This is due to the higher amount of total solids in PS 
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emulsion that lowered the moisture content of cream cheese (70.56 %), resulting in a compact and not 
easy to deform cream cheese. Norton et al., 2011 also observed an increase in viscosity with the addition 
of hydrocolloids or fat replacers to cream cheese curd. Hence, in RFCC BGPS emulsion, the consumer 
perceived thickness and cohesiveness are dominant in the first 10 % of the oral processing while in RFCC 
BGPS ester these attributes appear after 15 % of the consumption time.  
 
Table 6.2. The characteristics of cream cheese 
Parameters 
Formulated RFCC* In-house cream cheese control ** 
LFCC-EL*** 
RFCC BGPS 
emulsion 
RFCC BGPS 
ester 
MFCC HFCC 
Milk fat content (%) 2.0 2.9 5.5 11.6 4.7 
Moisture content (%) 70.6 ± 0.9b 77.2 ± 0.6a 70.2 ± 1.9b 66.7 ± 2.1b 70.9 ± 2.7b 
Particle size parameter:      
D [4, 3], µm 25.8 ± 0.7a 15.4 ± 0.1b 7.1 ± 1.7d 5.3 ± 0.4d 9.9 ± 1.2c 
D [3, 2], µm 13.6 ± 0.1a 9.1 ± 0.1b 2.6 ± 2.0c 0.6 ± 0.0c 6.8 ± 0.1b 
d (0.5), µm 21.4 ± 0.4a 12.3 ± 0.2b 4.3 ± 0.6d 3.7 ± 0.0d 7.7 ± 0.1c 
d (0.9), µm 52.0 ± 1.7a 31.1 ± 0.2b 10.0 ± 1.2d 10.4 ± 0.4d 15.9 ± 0.8c 
TPA parameter: 
Firmness (N) 
Spreadability (N.s) 
Adhesiveness (N/s) 
Viscosity (η50), Pa.s  
 
2.0 ± 0.1a 
14.8 ± 0.5a 
-4.5 ± 0.2b 
5.0 ± 0.3bc 
 
1.8 ± 0.3a 
13.8 ± 2.2a 
-4.8 ± 0.6b 
6.0 ± 0.3ab 
 
1.1 ± 0.2b 
8.1 ± 1.3b 
-2.6 ± 0.6a 
7.5 ± 1.4a 
 
0.8 ± 0.0b 
6.5 ± 0.3b  
-2.1 ± 0.7a 
4.2 ± 0.4c 
 
1.6 ± 0.1a 
14.1 ± 0.8a 
-2.0 ± 0.3a 
3.8 ± 0.1c 
G′ at 10 rad/s (Pa)  10414 ± 936.0a 4521 ± 327.0c 8255 ± 502.0b 4549 ± 710.0c 5084 ± 408.0c 
G″ at 10 rad/s (Pa) 1927 ± 85.5ab 553 ± 156.0d 2281 ± 247.5a 1375 ± 65.5c 1578 ± 101.0bc 
Values are expressed in means ± SD from three replications. Samples with different letters between columns for each parameter show 
significant difference according to Tukey’s pairwise comparison (P<0.05). 
*Formulated RFCC contain fat replacers (β-glucan and phytosterols) 
**In-house cream cheese control contains no fat-replacers: MFCC (medium-fat cream cheese) and HFCC (high-fat cream cheese) 
***LFCC-EL: commercial control low-fat cream cheese contains 4.7 % fat 
 
6.3.3. Particle size distribution and  smoothness perception 
Particle size and size distribution are important parameters that define the perception of textural attributes 
such as powderiness, graininess, and spreadability. The initial in-mouth perception at low shear rates is 
based on the presence of particles (size and shape). As more saliva mixes with the bolus, the attributes 
related to the physical structure (smoothness), consistency (creaminess), and adhesion to the palate 
(stickiness) are perceived (de Wijk, Engelen, et al., 2003). Hence, smoothness sensation is an attribute 
associated with the absence of small particles that can be linked to the size of particles in cream cheese 
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matrix. From the TDS curves presented in Figure 6.1, the smoothness dominance rate was significant for 
all samples (except for MFCC) and appeared at different stages of oral processing.  
 
At the start of consumption period, the smoothness of LFCC was the first significant dominant sensation 
(50 %) perceived after 10 % of consumption time. The smoothness curves also presented a second peak 
that appeared at around 35 % of oral processing time, which means that after consuming the samples, 
smoothness reappeared as the significance dominant sensation. Meanwhile, for both cream cheese with 
β-glucan and phytosterols, the smoothness is significantly dominant after 30 % of consumption. A 
possible explanation for this order is that the viscosity of LFCC-EL was lower (3.85 Pa) than other cream 
cheese samples (Table 6.2), thus the thin-film layer between tongue and palate were easily formed and 
the smoothness sensation was perceived as described previously by van Aken et al. (2007). 
 
However, although the particle size of RFCC BGPS emulsion was bigger (D[4,3] = 25.83 µm) as can be 
seen in Table 6.2, after 35 % of consumption time, most of the  assessors did  not feel the graininess 
rather  perceived smoothness as significantly dominant attribute with an overall dominance rate higher 
(55 %) than the LFCC-EL sample (50 %). This possibly is due to the higher viscosity of RFCC BGPS 
emulsion at a low shear rate that resulted in thicker cream cheese. This observation is in agreement with 
previous studies (Imai et al., 1995, Imai et al., 1997, Kilcast and Clegg, 2002) that observed a decrease 
in the perceived grittiness as the viscosity of the medium increased, although Engelen et al. (2005) 
associate the size and physical characteristics of the particles to the perception of smoothness. Another 
possible explanation for this is the ability of β-glucan to stabilise the emulsions, creating a smooth texture 
and enhance creamy mouthfeel in reduced-fat products as described by Lazaridou and Biliaderis (2007). 
Figure 6.3 depicts the particle size distribution of the five cream cheese samples. Cream cheese with fat 
replacer (RFCC with β-glucan and phytosterols; LFCC-EL) showed a monodisperse distribution, 
indicating that the size of the gel particles was uniform but with a smaller percentage of small particles. 
The larger gel particle size observed is probably due to the swelling of hydrocolloids (β-glucan in RFCC 
and vegetable gum in LFCC-EL) followed by the interaction with protein and fat in cheese matrix. 
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Figure 6.3. The particle size distribution of cream cheese samples 
 
For samples containing fat replacers (formulated RFCC and commercial LFCC-EL), the significantly 
different (P<0.05) in D[4.3] values is possibly due to the phytosterol content. Phytosterols are lipid-like 
compounds found in plants, with the powder form having a particle size in the range 30-300 µm while 
the phytosterol ester is a semiliquid paste (Zawistowski (2010). The gel particle size of RFCC BGPS 
emulsion and RFCC BGPS ester obtained in our study (25.83 µm and 15.43 µm) are in agreement with 
Zawistowski (2010), while LFCC-EL were characterised with a smaller particle size (9.88 µm). 
However, the combination of β-glucan and phytosterol ester has the potential to be used as a fat replacer 
in reduced-fat cream cheese due to the masking of graininess by β-glucan providing the smooth sensation 
in reduced fat cream cheese. 
 
6.3.4. Lubrication behaviour and  creaminess perception 
Several studies have investigated the correlation of food properties with sensory perception during oral 
processing through lubrication behaviour. Tribological measurements are used as a tool in predicting the 
creaminess mouthfeel sensation of a food product. Some studies (Bellamy, Godinot, Mischler, Martin, 
& Hartmann, 2009; Dresselhuis, de Hoog, Cohen Stuart, & van Aken, 2008; Laguna, Farrell, Bryant, 
Morina, & Sarkar, 2017; Malone et al., 2003) have used a tribometer to mimic the oscillatory parallel 
tongue movements in the mouth to evaluate the tribological effect of an emulsion and relate it to creamy 
and fatty sensations. The attributes associated with surface properties (e.g. smoothness, creaminess, 
fattiness) involve the outer layer of food bolus and take a longer time to be detected during oral 
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processing, as the attributes are less intense compared to bulk properties (de Wijk et al., 2011). de Wijk, 
Engelen, et al. (2003) related creaminess to the formation of a viscous coating or a fat deposition at the 
tongue surface. 
 
The TDS profile curves (Figure 6.1) of all cream cheese samples except MFCC suggest creaminess to be 
a dominant attribute reaching a significance level. The high-fat content (11.6 %) of HFCC resulted in a 
high dominance rate of creaminess (60 %) that appeared first and perceived longer (45 % - 85 % of 
consumption time) by the assessors followed by LFCC-EL and RFCC BGPS ester which appears at 
around 45 % during consumption time. It took longer (around 55 % of consumption time) for the panelist 
to perceive creaminess in RFCC BGPS emulsion. The TDS profiles relate well with the tribology profiles 
(Figure 6.4).  
 
Figure 6.4. The lubrication properties of cream cheese samples. Each bar presents the mean ± standard 
deviation of three replicates. 
 
The tribology profiles for the five cream cheese are presented in Figure 6.4 with HFCC obtaining the 
lowest coefficient of friction reiterating the function of fat as a lubricant. RFCC BGPS ester exhibited 
similar behaviour like HFCC, suggesting the effectiveness of the combined effect of β-glucan and PS 
ester in providing similar lubrication properties as fat. The above results suggest that the hydrocolloid 
(β-glucan) and phytosterols have the potential to impart creaminess to cream cheese, which is consistent 
with previous studies on functional cream cheese written in chapter 5 (Ningtyas et al., 2018). β-glucan 
binds water and forms a gel-like network, creating a more viscous cream cheese. As the sliding speed is 
increased, the thick cream cheese fills the gap and form a lubricating film between the surfaces thus 
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reducing the friction coefficient. Meanwhile, PS ester possesses good boundary lubrication properties 
due to the polarity of the triglyceride, the fatty acid chain lengths and the degree of unsaturated fat, as 
explained by Chua and Stachowiak (2011). The mechanism by which β-glucan can reduce the friction is 
similar to guar gum mechanism in creating a lubricating film that has been proposed by Malone et al. 
(2003). When the viscosity of the fluids increases, the layer formed prevents contact between solid 
surfaces. These results are expected as the role of fat replacers to mimic the function of animal fat and 
enhance the creamy texture of the low-fat product.  
 
The effect of fat on creaminess and fat perception of cream cheese is strongly related to the lubrication 
behaviour in low-speed regime (1-30 mm/s), as suggested by Malone et al. (2003). As can be seen from 
Figure 6.4, in this regime the highest COF was found in LFCC-EL, while RFCC BGPS emulsion showed 
a similar friction coefficient with MFCC at low- and medium speed regime (< 100 mm/s). Interestingly, 
RFCC BGPS ester exhibited lower COF similar to HFCC. A possible explanation for the high COF is 
the low-fat content in LFCC-EL (4.7 %) and the large particle size of PS emulsion (from PS powder). 
This result is due to the different form of phytosterols used in the formulation, which is crystalline (PS 
emulsion) or semi-liquid paste (PS ester). The big particle size in phytosterols emulsion reduces the 
smoothness of the product, in contrast with the semi-liquid paste of phytosterols ester thus perceived by 
the assessors as creamy. As a complex attribute associated with the high-fat content and smoothness of 
the product, van Aken et al. (2007) also found that the tendency of the emulsion towards in-mouth 
coalescence also influence the creamy, fatty and oily sensation. 
 
6.3.5. Viscosity- particle size and  mouth-coating sensations 
The mouth-coating is the sensation caused by a thin layer covering the palate after swallowing the sample 
(Bruzzone et al., 2013). In all the cream cheese samples, mouth coating showed a significant dominance 
in the last period of consumption (after 75 % onward) with a gradual increase as oral processing 
progressed. The mouth coating sensation can be associated with both the fat percentage as well as the 
carbohydrate fat replacer (β-glucan). From all cream cheese samples tested in this study, RFCC BGPS 
emulsion exhibited the highest dominance rate of mouth-coating (95 %) (Figure 6.1) due to its viscous 
consistency. β-glucan binds water and forms a viscous solution that imparts the mouth coating. A similar 
result was observed in formulated yogurt with gelatin as fat replacer (Bruzzone et al., 2013). 
 
The sample with the highest dominance rate for mouth-coating was RFCC with β-glucan and phytosterols 
(emulsion and ester), followed by HFCC, LFCC-EL, and MFCC. HFCC and MFCC were differentiated 
Chapter 6. Cream cheese texture perception using TDS tool  
156 
 
by the amount of fat which is 11.6 % and 5.5 % for HFCC and MFCC respectively (Table 6.2). LFCC-
EL also contains a vegetable gum as a fat replacer (as per the ingredient list) that increases the contact 
time between the oil and palate even at low-fat content. Hence, the fat replacers were the main ingredient 
responsible for the higher mouth-coating sensation as has been reported earlier by Malone et al. (2003). 
 
RFCC BGPS emulsion exhibited the highest peak of the mouth coating dominance rate (95 %) compared 
to RFCC BGPS ester (90 %) possibly due to the sticky and high melting point characteristics of 
crystalline phytosterols powder (raw materials for phytosterols emulsion) in contrast with the esterified 
one which is in agreement with the results obtained by van Aken et al. (2007). The melting point of 
phytosterols is 130 °C, therefore during oral consumption wherein the mouth temperature is 37 °C, the 
phytosterols are in crystal form with a particle size of 45.93 µm. The greater the stickiness of the food 
ingredients on the tongue surface, the more the retention of the bolus in the mouth. Mouth-coating is not 
only determined by the fat content or food composition, but also by the size and shape of the gel particles. 
It can be seen from Table 6.2 that the particle size of RFCC BGPS emulsion was the largest (25.83 µm) 
compared to other samples that may seem to be physically entangled between the irregularities of tongue 
surface, as explained by van Aken et al. (2007). Also, Zawistowski (2010) suggests that reducing the 
particle size of phytosterols to below 20 µm will impart smoothness to the resulting food.  
 
Phytosterols are derived from a plant with similar structure as cholesterol but with additional 
hydrophobic chain resulting lowered its solubility (Rodrigues, Torres, Mancini-Filho, and Gioielli 
(2007). This was observed in our study with phytosterols incorporated cream cheese having a higher 
mouth-coating sensation compared to HFCC. The low solubility in fat and the waxy characteristic affects 
the palatability and sensory properties (Salo & Wester, 2005; Zawistowski, 2010). 
 
6.4. Conclusion 
Temporal dynamic sensation tool is a technique that allowed monitoring the changes in textural 
perception as perceived by the assessors during oral processing of cream cheese consumption with and 
without fat replacers (β-glucan and phytosterols). Thickness, cohesiveness, and smoothness were the 
most perceptible attributes at the start of consumption for cream cheese with fat replacer (RFCC BGPS 
emulsion, RFCC BGPS ester, LFCC-EL). This first oral perception can be related to the viscosity and 
firmness measured using the rheometer and texture analyser respectively. Mouth-coating appeared later 
during oral processing also influenced by the viscosity, particle size and the fat content in cream cheese. 
Creaminess presented the highest dominance rate in HFCC, but RFCC BGPS ester exhibited similarity 
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creamy perception as LFCC-EL. Both cream cheeses contain fat replacers, however, β-glucan and 
phytosterol ester are able to produce similar lubrication behaviour as high-fat cream cheese. The fat 
content (from the phytosterols) is more effective on the creaminess and mouth-coating attributes while 
the β-glucan contributes to the thickness and cohesiveness of cream cheese. This could be considered as 
an advantage of developing reduced-fat cream cheese without any significant changes in textural 
characteristics. Considering the dynamic phenomenon of oral processing, this study has contributed by 
taking into account the temporality of sensations during mastication using the TDS technique with a 
trained sensory panel and compared the results with the instrumental measurements. However, due to the 
complexity of perceptions, further studies should focus on aroma and flavour perception of reduced fat 
cream cheese.   
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Chapter 7.  
 
The viability of probiotic Lactobacillus rhamnosus (non-encapsulated and encapsulated) in 
functional reduced-fat cream cheese and its textural properties during storage (*) 
 
 
Abstract 
In this study, cream cheese is hypothesized as an alternative dairy product to deliver the probiotic 
bacteria. The survival of non-encapsulated and encapsulated probiotic Lactobacillus rhamnosus in the 
functional cream cheese was studied over 35 days of storage at 4 °C. Further, the microstructure and 
textural properties of the cream cheese were investigated. L. rhamnosus in both forms remained viable 
(min 106 CFU/g) in the cream cheese throughout the storage period. Probiotic cream cheese with β-
glucan and phytosterols emulsion showed less reduction in their viable counts after 35 days of 
refrigerated storage. The addition of probiotics either in the non-encapsulated or encapsulated forms did 
not significantly change the pH, moisture, protein or fat content. The results from SEM analysis indicated 
that the structure of cream cheese with fat replacers (β-glucan and phytosterols) was open with the 
probiotic cells distributed in the casein matrix. The addition of encapsulated probiotic led to a firmer and 
thicker cream cheese compared to non-encapsulated form that was also corroborated through the SEM 
images showing relatively a denser structure for cream cheese with encapsulated probiotic cells.  
 
 
 
 
 
 
 
 
 
(*) This chapter has been published as a research paper in the Food Control (IF = 3.67): NINGTYAS, D. W., 
BHANDARI, B., BANSAL, N., & PRAKASH, S. 2019. The viability of probiotic Lactobacillus rhamnosus (non-
encapsulated and encapsulated) in functional reduced-fat cream cheese and its textural properties during storage. 
Food Control, 100, 8-16. The manuscript was modified to keep the format consistent throughout the thesis.  
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7.1. Introduction 
In recent years, the demand for new food products that promote health benefits has increased significantly 
including functional probiotic food. Probiotics are defined as “live microorganisms which when 
administered in adequate numbers confer a health benefit on the host” (FAO/WHO et al. 2001). 
Lactobacillus is one of the probiotic genera most frequently used in dairy foods, such as yoghurt and 
fermented milk. L. casei, L. rhamnosus, and L. fermentum have been widely studied due to their health-
promoting properties and employed as probiotic in food products  (Milesi, Vinderola, Sabbag, Meinardi, 
& Hynes, 2009; Sanders & Marco, 2010). However, to be considered as probiotic, the foods should 
contain minimum 106-107 CFU/g or CFU/mL of probiotic cultures at the time of consumption (Castro, 
Tornadijo, Fresno, & Sandoval, 2015). Numerous studies have shown that viability of the probiotic in a 
food product not only depends on the storage conditions but also on the food matrix and processing such 
as pH, fat and moisture content (Castro et al., 2015). Therefore, the research focus has now shifted to the 
incorporation of probiotic bacteria into other dairy and non-dairy foods and beverages such as chocolates, 
cereal bars, fruit juices, ice cream, and different types of cheese including cream cheese.  
 
Incorporation of Lactobacillus and Bifidobacterium (single or mixed culture) in Cheddar cheese (Ong & 
Shah, 2009; Phillips, Kailasapathy, & Tran, 2006; Scheller & O'Sullivan, 2011), cottage cheese (Abadía-
García et al., 2013), pasta filata soft cheese (Cuffia et al., 2017), Mascarpone cheese (de Almeida et al., 
2018), Minas fresh cheese (Buriti, da Rocha, & Saad, 2005; De Souza, Buriti, Behrens, & Saad, 2008; 
Verruck, Prudêncio, Vieira, Amante, & Amboni, 2015) has been investigated and reported good viability 
of probiotic bacteria. Phillips et al. (2006) mentioned that Bifidobacterium sp, L. casei, L. paracasei and 
L. rhamnosus survived well in cheddar cheese after 32 weeks of storage. However, unlike other types of 
cheese, fresh cheese appears to be a good substrate for the development of probiotic foods. According to 
Santini et al. (2012), fresh cheese, is potentially a good matrix for delivering the probiotics due to its 
specific chemical and physical characteristics compared to other dairy products, such as the pH value, 
relatively high water activity, and fat content. Some researchers have reported the suitability of cream 
cheese as a food vehicle for delivering different types of probiotic cultures such as L. acidophilus La-5, 
L. paracasei, and Bifidobacteria (Alves et al., 2013; Santini et al., 2012). Although the results presented 
a good stability during 21 days refrigerated storage, there is a need to evaluate increased shelf life of 
other probiotic strains such as L. rhamnosus. 
 
L. rhamnosus is found in the human gastrointestinal tract and is clinically proven to promote health 
benefits, thus known as probiotic. However, the addition of probiotics in cheese manufacturing faces 
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many challenges, the most important being maintaining the sensory characteristics and the survival of 
the probiotic bacteria through processing and storage (Boylston, Vinderola, Ghoddusi, & Reinheimer, 
2004). Encapsulation has been reported to effectively reduce the loss of L. acidophilus in yogurt over 
more than 4-week of refrigerated storage (Kailasapathy, 2006; Krasaekoopt, Bhandari, & Deeth, 2006) 
and increase their survival against extreme conditions in the gastrointestinal tract (Martin, Lara-
Villoslada, Ruiz, & Morales, 2015).  
 
Research trends are now growing towards the combined use of prebiotic to enhance and maintain the 
viability of probiotic during storage. Prebiotics, such as inulin, lactulose and oligosaccharides are not 
digested by human enzymes but act as a fermentable substrate for probiotics in the colon (Tharmaraj & 
Shah, 2004). It has been reported that viability of Bifidobacterium animalis presented in cream cheese 
containing inulin maintained at above 106 CFU/g (Alves et al., 2013) while Buriti, Cardarelli, Filisetti, 
and Saad (2007) found that addition of 8 % inulin is sufficient to maintain the amount of L. paracasei to 
107 CFU/g after 21 days of storage. β-glucan has been studied intensively for its prebiotic and fat replacer 
functionality in the manufacture of low-fat products such as yoghurt (Ng, Nguyen, Bhandari, & Prakash, 
2017; Nikoofar, Hojjatoleslamy, Shakerian, Molavi, & Shariaty, 2013). According to Lam and Chi-
Keung Cheung (2013) and Rosburg, Boylston, and White (2010), β-glucan was able to pass through the 
gastrointestinal tract undigested and act as a fermentable substrate for the growth of probiotic 
microorganisms in yoghurt. Interestingly, Zhao and Cheung (2011) also concluded that the ability of 
Bifidobacteria to utilize β-glucan as a fermentable substrate is comparable with inulin. No studies have 
reported on the combined use of β-glucan (prebiotic) and L. rhamnosus (probiotic) in cream cheese that 
is being investigated in this research work. In addition, the health claims of plant sterols (native or 
esterified forms) in reducing cholesterol levels have been approved and their bioavailability in fermented 
milk with and without probiotic has been reported (Vaghini, Cilla, Garcia-Llatas, & Lagarda, 2016). 
However, to our knowledge, no research has been conducted to incorporate plant sterols (native and 
esterified forms) into cream cheese with probiotic. 
  
Both encapsulated and non-encapsulated probiotic bacteria L. rhamnosus were incorporated into the 
cream cheese added with -glucan and plant sterols and their viability over a duration of 35 days was 
monitored. Further, the texture, particle size and microstructure of functional cream cheese were 
determined.    
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7.2. Materials and methods 
The reduced-fat cream cheese was made from commercial pasteurised cow milk with 1.3% fat (w/w) 
obtained from a local supermarket. The mesophilic culture FD-DVS R-704 (consisting of Lactococcus 
lactis subsp. lactis and Lactococcus lactis subsp. cremoris) and rennet (Chy-max PLUS) from Chr. 
Hansen Pty. Ltd., Bayswater, Australia were used during cream cheese manufacture. The phytosterols 
extract from soybean in two different forms: phytosterols powder (purity 95.18 %) and phytosterols ester 
(purity 97 %) were purchased from Xi’an Le Sen Bio-technology Co., Ltd., China and Xi’an Healthful 
Biotechnology Co., Ltd., China, respectively. Oat β-glucan powder (purity 70 %) was obtained from 
Hangzhou New Asia International Co., Ltd., China.  The β-glucan solution (10 %) used in this study was 
prepared using the method previously described in Ningtyas et al. (2018). The probiotic cultures used in 
this research was Lactobacillus rhamnosus. Sodium alginate (GRINSTED® Alginate FD 155) was 
purchased from Danisco Textile Ingredients, Australia, while the calcium chloride and sodium citrate 
were purchased from Sigma-Aldrich, USA.  
 
7.2.1. Encapsulation of probiotic in alginate microgel particles 
Probiotics powdered (10g = 1011 CFU/g) were suspended in 2 % w/v (1000 mL) sodium alginate solution, 
which was previously heated at 80 °C for 30 min. The spray aerosol method was used for encapsulating 
the probiotic bacteria as described previously (Sohail, Turner, Coombes, Bostrom, & Bhandari, 2011). 
An aerosol of microbial suspension in alginate solution was injected into the top of encapsulation 
chamber through a two-fluid nozzle at a pump speed of 12 mL/min using pressurized air at 500 kPa. A 
counter aerosol of the sterile 0.1M CaCl2 solution was injected from the base of the vessel using a two-
fluid nozzle at a speed of 9 mL/min at 350 kPa. The resulting alginate microgel particles containing the 
probiotics were collected from an outlet at the base of the encapsulation chamber. The encapsulated 
probiotics were filtered (Advantec 5C filter paper) under vacuum and stored at 4 °C.   
 
7.2.2. Determination of non-encapsulated and encapsulated cell numbers. 
Freshly prepared alginate encapsulated probiotics were enumerated as described by Sohail, Turner, 
Coombes, and Bhandari (2012). Encapsulated probiotics (1 g) were broken down in 9 mL of 2 % (w/v) 
sterile sodium citrate solution at pH 6.0 by gently shaking at room temperature for 10 min using an orbital 
shaker (IKA KS 260 basic, Labtek), followed by serial dilutions up to 10-10 in 0.1 % peptone. The non-
encapsulated probiotics (1 g) were directly diluted in a serial dilution using 9 mL of 0.1 % peptone up to 
10-10. The cell was plated using a spread plate technique on MRS agar and incubated at 37 °C for 48 hrs 
under anaerobic conditions. 
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7.2.3. Cream cheese preparation 
Reduced-fat cream cheeses were made adopting a method described in Chapter 5 by Ningtyas et al., 
(2018). Pasteurised milk with 1.3% fat were acidified by using rennet and starter culture followed by 
incubation at 28 °C for 8.5 hrs. Afterward, the curdling process were done by increasing the temperature 
to 55 °C for 45 minutes. Cream cheese curd were collected after a draining process to remove the whey. 
Three batches of reduced-fat cream cheese (RFCC) including a control (without probiotic cultures) and 
with probiotic bacterial cultures incorporated into the product in different states: non-encapsulated and 
encapsulated were made. The probiotic was added to the cream cheese curd without fat replacer (RFCC) 
and with fat replacers (β-glucan and phytosterols) after fermentation as mentioned in Alves et al. (2013). 
Two types of phytosterols (PS emulsion and PS ester) were used in this formulation. The PS emulsion 
and the cream cheeses were prepared using the procedures described by Ningtyas et al. (2018). The six 
trials of probiotic cream cheeses and cream cheese control without probiotic are shown in Table 7.1. 
 
Table 7.1. Types of reduced-fat cream cheese used as a samples 
Samples 
Code 
Types of cream cheese Types of probiotic 
A Reduced-fat cream cheese (RFCC-control) No probiotic 
B Reduced-fat cream cheese (RFCC) non-encapsulated 
C Reduced-fat cream cheese (RFCC) Encapsulated 
D Reduced-fat cream cheese with β-glucan and phytosterols 
ester (RFCC BGPS ester) 
non-encapsulated 
E Reduced-fat cream cheese with β-glucan and phytosterols 
ester (RFCC BGPS ester) 
Encapsulated 
F Reduced-fat cream cheese with β-glucan and phytosterols 
emulsion (RFCC BGPS emulsion) 
non-encapsulated 
G Reduced-fat cream cheese with β-glucan and phytosterols 
emulsion (RFCC BGPS emulsion) 
Encapsulated 
 
The samples were packaged in small containers with lids and stored under refrigeration (4 °C) for up to 
35 days. The experiments were undertaken in triplicate, as well as the physicochemical analysis and 
microbiological analyses.  
 
7.2.4. Physicochemical analysis of cream cheese 
The cream cheese samples were taken from all experimental cheese batches at weekly intervals during 
35 days of storage and analysed in triplicate for moisture content and pH, whereas the protein and fat 
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content were determined soon after production of the cream cheese. The protein (Kjeldahl method, 
2001.14) and fat (Gerber method, 989.05) were determined according to the method described in AOAC 
(2005). The moisture content was determined by using a moisture analyser balance (Ohaus Halogen, MB 
45) following the method of Ningtyas, Bhandari, Bansal, and Prakash (2017). The pH values were 
measured with a digital pH meter (TPS WP80Z) by inserting the electrode directly into the samples 
(Felicio et al., 2016). 
 
7.2.5. Microbiological analysis of cream cheese 
The viability of Lactobacillus rhamnosus on cream cheese was monitored after 1 day of refrigerated (4 
°C) storage (day 1) until 5 weeks (day 7, 14, 21, 28, 35). Twenty-five grams of each sample was mixed 
with 225 mL of 0.1 % peptone water (1 g/L) in a stomacher bag and serially diluted up to 10-8 with the 
same diluent. The total count of the potentially probiotic microorganisms was carried out using spread 
plates with a 100 µL inoculum on MRS agar (Oxoid, Basingstoke, UK) as previously described by Sohail 
et al. (2012). The colonies were counted after 48 h of anaerobic incubation (Anaerogen; Oxoid, 
Basingstoke, UK) at 37 °C, and the results expressed as log colony forming units per gram of cream 
cheese (log CFU/g). Counts of entrapped cells in alginate gels was conducted as described by Mokarram, 
Mortazavi, Najafi, and Shahidi (2009). One gram of freshly encapsulated probiotic was liquefied in 99 
mL of 1 % (w/v) sterile sodium citrate solution at pH 6.0. The mixture was then gently shaken at room 
temperature for 10 min. L. rhamnosus were enumerated in triplicates.    
 
7.2.6. Instrumental analysis of cream cheese 
The instrumental analysis (particle size distribution and texture profiles) of functional cream cheese with 
and without probiotic were measured using the method described by Ningtyas et al. (2017). The gel 
particles were determined using a Mastersizer 2000 (Malvern Instruments Ltd., Worcestershire, UK) 
with a refractive index of 1.46 and 1.33 for gel particles and water respectively on day 1 of storage.  
Meanwhile the texture analysis was performed on day 1, 7, 14, 21, 28, 35 of storage and the firmness 
and spreadability were extracted from the TA-XT plus, Micro Stable System Co., UK.  
 
7.2.7. Scanning electron microscopy (SEM) and Transmission electron microscopy (TEM) 
analysis  
Cream cheese samples were prepared by mixing in 2.5 % glutaraldehyde in water using a pulsed 
microwave procedure. The microwave energy applied was for 2 minutes with a 2 minutes rest between 
pulses with the power of the magnetron set to 80 W under 560 mm Hg vacuum. After glutaraldehyde 
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fixation, samples were washed 3 times for 1 minute each at 80 W in ultrapure water. Post-fixation was 
done by using a similar method with 1 % osmium tetroxide followed by storing overnight at 4 oC. After 
that, 3 water washes of 1 minute each at 80W samples were placed in 1 % p-phenylenediamine in 50 % 
ethanol and subjected to 4 times of 1 minute microwave pulses with the power of the magnetron set to 
150 W with 1 minute rests between. Samples were then fully dehydrated by going through a graded 
ethanol series using 2 times 1 minute microwave pulses at 150 W with a 1 minute rest in between for 
each concentration of ethanol. All sample processing was performed in a Ted Pella Biowave processing 
microwave with the samples sitting in processing vials directly adjacent to the ColdSpot which was set 
to 8.5 oC to ensure the temperature remains constant. 
  
For Scanning Electron Microscopy (SEM) samples were taken in 100 % ethanol to a critical point dryer 
(Tousimis Autosamdri 815A) and fully dried through carbon dioxide. They were then mounted on an 
SEM stub using a 2 part epoxy resin and coated with platinum. The analysis was done by using Hitachi 
TM4000 SEM operated at 10 kV. 
 
For transmission electron microscopy (TEM) samples were infiltrated with Epon resin and polymerised 
at 60 oC for two days. Ultrathin sections of 50 nm thickness were cut with a Leica Ultracut 6 ultra-
microtome, picked up on former coated copper grids and stained with 5 % uranyl acetate and Reynolds 
lead citrate before being viewed in a Hitachi HT7700 TEM operated at 80 kV. 
 
7.2.8. Statistical analysis 
The physical, chemical and microbiological data related to the cream cheese samples were evaluated 
using Analysis of variance (ANOVA) to determine significant differences (P<0.05) if any, among the 
different types of cream cheese over the duration of storage.  All the data analyses were performed using 
Minitab® statistical package. The results were reported as mean values from three replications for each 
attribute, and the Tukey’s test (5 %)was performed for multiple comparisons of the treatments.  
 
7.3. Results and discussion 
The initial cell count of L. rhamnosus, both in non-encapsulated and encapsulated forms, was in the range 
of 1011 CFU/g and 109 CFU/g, respectively (results not presented). The alginate microgel particles 
containing L. rhamnosus were incorporated into the cream cheese curd on the day of their preparation in 
a dose high enough to achieve a high amount of cell (>106 CFU/g) in cream cheese. 
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7.3.1. Physicochemical parameters of probiotic reduced-fat cream cheese during storage 
The changes in pH and moisture of the functional cream cheese inoculated with L. rhamnosus (non-
encapsulated and encapsulated) during refrigerated storage for 35 days are shown in Table 7.2. The pH 
values varied from 4.6 (sample D) to 4.8 (sample A) and showed a typical trend of increasing pH value 
until 14 days, thereafter decreasing towards the end of storage although the differences in pH were not 
significant. The drop in pH suggests the occurrence of metabolic activity mainly from the growth of L. 
rhamnosus (non-encapsulated or encapsulated) at 4 °C after 21 days, although according to Valík, 
MedveĎová, and Liptáková (2008) the growth is relatively slow with negligible acid production at 6 °C. 
All the cream cheese samples showed a slight drop in moisture content during storage (Table 7.2.). 
Probiotic cream cheese with β-glucan and phytosterols (D-G) showed higher moisture content compared 
to cream cheese without the functional ingredients. 
 
Table 7.2. Change in mean values of pH, moisture content, protein and fat of the six treatments of 
probiotic reduced-fat cream cheese during storage at 4 °C 
Types of 
cream 
cheese* 
Storage 
days 
pH Moisture content Protein (%) 
(Day 1) 
Fat (%) 
(Day 1) 
A 1 4.7 72.8 ± 0.3Ba 15.5 ± 0.2B 4.6 
7 4.7 72.6 ± 0.3BCa 
14 4.7 72.4 ± 0.6BCa 
21 4.7 72.6 ± 0.2Ba 
28 4.7 72.7 ± 0.1Ba 
35 4.7 73.1 ± 0.6Ba 
B 1 4.6 72.8 ± 0.4Ba 16.0 ± 0.1AB 4.5 
7 4.6 72.6 ± 0.3BCa 
14 4.6 72.8 ± 0.1Ba 
21 4.6 72.2 ± 0.7Ba 
28 4.6 71.7 ± 0.9Ba 
35 4.6 71.4 ± 1.1Ba 
C 1 4.6 73.3 ± 0.4Ba 16.6 ± 0.0A 4.5 
7 4.6 73.0 ± 0.4Ba 
14 4.7 72.3 ± 0.2BCa 
21 4.6 72.4 ± 0.0Ba 
28 4.6 72.2 ± 1.7Ba 
35 4.6 73.1 ± 0.7Ba 
D 1 4.6 77.4 ± 0.5Aa 8.6 ± 0.1C 5.5 
7 4.6 77.2 ± 0.5Aa 
14 4.6 76.9 ± 0.4Aa 
21 4.6 76.8 ± 0.3Aa 
28 4.6 76.4 ± 0.1Aa 
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35 4.6 77.3 ± 0.3Aa 
E 1 4.6 77.5 ± 0.7Aa 8.9 ± 0.0C 5.5 
7 4.7 77.5 ± 0.1Aa 
14 4.7 76.6 ± 0.2Aa 
21 4.6 76.7 ± 0.3Aa 
28 4.6 76.6 ± 0.1Aa 
35 4.6 77.9 ± 0.4Aa 
F 1 4.7 73.5 ± 0.6Ba 6.9 ± 0.0D 6.5 
7 4.7 73.2 ± 0.8Ca 
14 4.7 73.5 ± 0.2Ca 
21 4.7 74.0 ± 0.4Ba 
28 4.6 71.7 ± 0.4Ba 
35 4.6 72.6 ± 1.3Ba 
G 1 4.7 74.1 ± 0.1Ba 7.1 ± 0.3D  6.5 
7 4.7 73.9 ± 0.1BCab 
14 4.7 73.6 ± 0.0BCab 
21 4.7 73.5 ± 0.2Bab 
28 4.7 73.3 ± 0.2Bab 
35 4.7 72.3 ± 0.9Bb 
Values are means with standard deviation. For each trial, within a column, different superscript capital letters denote significant differences 
(p<0.05) between different types of cream cheese on the same days of storage. Different lowercase superscripts denote significant 
differences (p<0.05) between different days of storage for each type of cream cheese. 
* Types of cream cheese can be seen from Table 7.1 
 
After 35 days of storage, there were no significant changes in moisture content of the seven samples of 
cream cheese which was in the range 71.4-77.9 %. Samples B and E had the lowest and the highest 
moisture content, respectively. Small differences in pH values were detected among the cream cheese 
samples, samples B-F presenting pH value slightly lower than those of samples A and G throughout 
storage. Compared to the cream cheese samples with non-encapsulated probiotic (B, D, F), cream cheese 
added with encapsulated form (C, E, G) showed higher pH values possibly due to the protective effect 
from alginate encapsulant. These results are similar to the pH values obtained by Kailasapathy (2006) in 
their study with non-encapsulated and encapsulated probiotic added to yogurt. The addition of functional 
ingredients β-glucan and phytosterols resulted in cream cheese samples (D-G) having lower protein 
content and higher fat content compared to samples A-C. This may be explained by the fact that β-glucan 
as prebiotic contributed to the increase of total solids, thus reducing the protein content of cream cheese. 
Additionally, phytosterols influenced the increase in total fat content, because of its being a lipid 
(Rodrigues, Torres, Mancini-Filho, & Gioielli, 2007).    
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7.3.2. The viability of probiotic in reduced-fat cream cheese 
7.3.2.1. The effect of encapsulation on viability of probiotics 
The viability of non-encapsulated and encapsulated L. rhamnosus in reduced-fat cream cheese during 
storage at 4 °C for 35 days is shown in Table 7.3. Overall storage time influenced the viable counts of 
probiotic in reduced-fat cream cheese. L. rhamnosus (non-encapsulated and encapsulated) counts ranged 
from 6.6 to 8.3 log CFU/g in the probiotic cream cheese. Sample B & E showed a significant reduction 
in the viable counts of L. rhamnosus during storage whereas, for the other cream cheese samples, the 
reduction was minimal and not significantly different from day 1. The variability in the cell counts of L. 
rhamnosus is associated with their form (non-encapsulated or encapsulated) and their ability to utilize 
the substrate such as β-glucan and phytosterols in cream cheese matrix. It has been reported by Dong, 
Yu, Dong, and Shen (2017) that oat β-glucan is the most preferable carbon source utilized by L. 
rhamnosus to promote their growth.   
Table 7.3. Viability (log CFU/g) of L. rhamnosus in probiotic reduced-fat cream cheese during 
production (day 0) and during storage at 4 °C 
Types of 
cream cheese* 
Storage days  
1 7 14 21 28 35 
B 8.2 ± 0.0Aa 8.1 ± 0.0Aa 8.0 ± 0.1ABab 7.9 ± 0.0Ab 7.5 ± 0.0Ac 7.5 ± 0.1Ac 
C 7.5 ± 0.5Aa 7.2 ± 0.1Ba 6.9 ± 0.1Ca 6.8 ± 0.0Aa 7.1 ± 0.3Aa 7.1 ± 0.0Aa 
D 8.2 ± 0.1Aa 8.2 ± 0.1Aa 7.7 ± 0.7ABCa 7.4 ± 0.8Aa 7.4 ± 1.3Aa 7.3 ± 1.3Aa 
E 7.6 ± 0.5Aa 6.9 ± 0.2Bab 6.8 ± 0.1Cab 6.9 ± 0.0Aab 7.4 ± 0.3Aab 6.6 ± 0.1Ab 
F 8.3 ± 0.0Aa 8.2 ± 0.1Aa 8.2 ± 0.0Aa 8.1 ± 0.2Aa 8.2 ± 0.0Aa 8.0 ± 0.0Aa 
G 7.1 ± 0.2Aa 7.1 ± 0.1Ba 7.1 ± 0.1BCa 7.0 ± 0.2Aa 7.0 ± 0.1Aa 7.0 ± 0.0Aa 
Values are means with standard deviation. For each trial, within a column, different superscript capital letters denote significant differences 
(p<0.05) between different types of cream cheese. Within a row, different lowercase superscripts denote significant differences (p<0.05) 
between different days of storage.  
* Types of cream cheese can be seen from Table 7.1 
 
The initial L. rhamnosus population in reduced-fat cream cheese samples were about 7 to 8 log cycles/g 
that declined during the 35 days of storage, although not significantly (P>0.05) for samples C, D, F, and 
G. From Figure 7.2, the cream cheese samples with non-encapsulated probiotic (B, D, F) showed a 
relatively higher number of viable cells than non-encapsulated form (C, E, G). A slight growth trend was 
observed at day 28 and 35 (sample C), day 28 (sample D), day 14 and 28 (sample F), day 14 and 35 
(sample G). Such fluctuation in the number of viable cells of L. rhamnosus was observed by Phillips et 
al. (2006) in cheddar cheese during 32 weeks of storage. Moreover, after 35 days of storage, all cream 
cheese samples showed an adequate numbers of L. rhamnosus (>106 CFU/g) above the threshold value 
of 106 CFU/g that is suggested to confer probiotic benefits (Castro et al., 2015). These results also 
confirmed the potential of cream cheese as a carrier for probiotic bacteria. 
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7.3.2.2. The effect of β-glucan and phytosterols on the viability of probiotics 
Figure 7.1 depicted the effect of different cream cheese matrix on the viability of probiotic L. rhamnosus 
(non-encapsulated and encapsulated) during storage at 4 °C for 35 days. Significant differences were 
noted (P<0.05) between the samples in their viable cell counts at 7 and 14 days of storage, while other 
periods were not significantly different (Table 7.3). Cream cheese containing β-glucan and phytosterols 
achieved higher amount of L. rhamnosus compared to cream cheese without β-glucan and phytosterols. 
In fact, the counts of L. rhamnosus was slightly higher (8 log cycle/g) in cream cheese with β-glucan and 
phytosterols emulsion, which is possibly due to the presence of β-glucan as prebiotic. According to Arena 
et al. (2014) and Russo et al. (2012), β-glucan has been shown to enhance the growth and adherence of 
probiotic such as Lactobacillus and Bifidobacterium in the colon and thus reported as a potential prebiotic 
(Lam & Chi-Keung Cheung, 2013). Moreover, after 35 days the cell counts were higher for cream cheese 
with PS emulsion 9.95 x 107 CFU/g than PS ester, although the differences is not significant. 
 
Figure 7.1. Survival of L. rhamnosus (encapsulated: C, E, G and non-encapsulated: B, D, F) in three 
types of cream cheese. (RFCC: B & C; RFCC BGPS ester: D & E; RFCC BGPS emulsion: F & G). The 
data is averaged from duplicate samples from three replicates. The error bars show standard deviations. 
 
7.3.3. Textural properties of probiotic reduced-fat cream cheese during storage 
7.3.3.1. The effect of non-encapsulated and encapsulated probiotic 
The changes in firmness of cream cheese samples containing probiotic (non-encapsulated and 
encapsulated) through the refrigerated storage period of 35 days are presented in Figure 7.2. The graph 
shows a variation in the firmness of all cream cheese samples during storage, only a slight increase was 
evident from day 21 to day 35 in all samples except reduced-fat cream cheese control (A) that remained 
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stable over 35 days. The firmness of cream cheese containing encapsulated probiotic (C, E, G) was 
significantly higher (P<0.05) than its counterpart (B, D, F). This is possibly due to the presence of 
microgel particles as the encapsulant material may have contributed to a firmer texture of cream cheese. 
  
Figure 7.2. Changes in the firmness of cream cheese samples during refrigerated storage (4 °C) for 35 
days. The codes used (A-G) are as in Table 7.1. Each bar presents the mean ± standard deviation of three 
replicates.  
 
Addition of either form of probiotic L. rhamnosus (non-encapsulated and encapsulated) did not 
significantly affect the changes in the texture of cream cheese as compared to that of the sample with no 
probiotic culture. This may be because L.rhamnosus did not produce enough acid to soften the texture, 
as there was no significant reduction in pH value (P>0.05) throughout the storage period (Table 7.2). 
Increased in firmness of probiotic cream cheese during storage (4 °C) in this study is in agreement with 
those obtained by Buriti et al. (2005) in Minas fresh cheese. Several factors are known to affect the 
texture of probiotic dairy products (cheese and yoghurt) during storage, such as acid development and 
proteolysis activity (Buriti, Cardarelli, Filisetti, & Saad, 2007; Buriti, & Saad, 2005; Cardenas et al., 
2014; Kailasapathy, 2006). 
 
7.3.3.2. The effect β-glucan and phytosterols 
As can be seen from Figure 7.2, the probiotic cream cheese containing β-glucan and phytosterols (D-G) 
exhibited higher firmness compared to probiotic cream cheese without functional ingredients β-glucan 
and phytosterols (B and C) or cream cheese control (A). Sample E was the firmest (3.40 N) followed by 
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sample G (3.32 N) after 35 days of storage, although the difference was not significant (P>0.05). 
Similarly, the spreadability values also increased during storage, and probiotic cream cheese with 
functional ingredients (D-G) was less spreadable than the cream cheese samples without β-glucan and 
phytosterols (A-C). These results confirm that the texture (hardness and spreadability) of probiotic cream 
cheese is influenced by the addition of β-glucan and phytosterols rather than incorporation of probiotic 
cultures. Moreover, firm and less spreadable cream cheese were also obtained when β-glucan and 
phytosterols were incorporated into the cream cheese as fat replacers (Ningtyas et al., 2018).  
 
7.3.4. Microscopic images and particle size distribution 
The microstructure of fresh reduced-fat cream cheese with probiotic bacteria (non-encapsulated or 
encapsulated) was examined by using scanning electron microscopy (SEM) and transmission electron 
microscopy (TEM) as depicted in Figures 7.3 and 7.5, respectively. Differences between cream cheese 
samples produced using different treatments were obvious in the images with a distinct structure of cream 
cheese clearly seen due to the interactions of fat in casein matrix (Figure 7.5). 
 
(A) RFCC Control 
 
 
(B) RFCC with probiotic 
 
(C) RFCC with probiotic encapsulated 
Pr 
Pr 
F 
F 
Cs 
Cs 
Cs 
F 
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(D)RFCC BGPS ester with probiotic 
 
 
(E) RFCC BGPS ester with probiotic encapsulated 
 
(F) RFCC BGPS emulsion with probiotic 
 
(G) RFCC BGPS emulsion with probiotic 
encapsulated 
 
Figure 7.3. Scanning electron microscopy (SEM) of fresh reduced-fat cream cheese (RFCC) 
manufactured in various ways (Cs: casein matrix, F: fat, Pr: probiotic L.rhamnosus, BG: β-glucan, PS: 
phytosterols)  
 
7.3.4.1. The effect of non-encapsulated and encapsulated probiotic 
Figure 7.3 A represents the micrograph of control cream cheese sample (A), without any functional 
ingredients or probiotic that shows spherical shape fat globules interspersed within the casein matrix. In 
Figures 7.3 B-G, the probiotic bacteria, L. rhamnosus, can be clearly observed as short rod shaped 
structures (often appears in chains), with a slightly higher number in non-encapsulated cream cheese 
samples (Figure 7.3 B, D, F). This is associated with the presence of non-encapsulated probiotic as free 
or exposed cells in the cream cheese matrix. The aggregation of casein was more evident in cream cheese 
samples with non-encapsulated and encapsulated probiotics (Figure 7.3 B-G) than the control sample 
(Figure 7.3 A). This phenomena was due to the higher amount of exopolysaccharides (EPS) produced 
from a starter culture (Lactococcus lactis subsp. lactis and Lactococcus lactis subsp. cremoris) and 
probiotic bacteria (L. rhamnosus). According to Polak-Berecka, Waśko, Skrzypek, and Kreft (2013), 
Pr 
Pr  
Pr 
Pr  PS 
PS 
BG 
BG 
BG 
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LAB starter cultures able to produce EPS during milk fermentation and among all producing LAB, L. 
rhamnosus strains gained attention recently.  Together with casein and fat globules, EPS creates a more 
evident three-dimensional network resulting in a dense cluster of casein, as observed by Hassan, Frank, 
and Elsoda (2003) in Feta and Karish cheese. In addition, according to Zhang et al. (2015). The EPS 
produced by Lactococcus lactis was used in reduced-fat cheddar cheese to improve their textural and 
mouthfeel properties. Unfortunately, the layer of Ca-alginate around the cell was not clearly seen with 
SEM, but TEM (Figure 7.5 C, E, G) allowed observing the differences between the alginate matrix and 
the outer surface of microcapsules. Moreover, by using a negative dyeing method, EPS produced by 
probiotic L. rhamnosus and cream cheese starter culture were revealed as a clear cell wall with fibrous 
materials (glycocalyx) attached on the bacterial surfaces (Figure 7.5 A) as also observed by Polak-
Berecka et al. (2013). 
 
From Figures 7.5 C and E, large differences were observed between the dense alginate matrixes (marked 
as Alg) of microcapsules without bacteria and the porous matrix of microcapsules containing bacteria. 
More porous matrix were observed when the bacteria was entrapped, creating a clear and smooth layer 
of alginate on the exterior surface of the bacterial cell wall. The bacteria in the void spaces of the alginate 
matrix were separated by septa and appear to be in direct contact and attached (Figure 7.5 C) with the 
alginate around the void space. This phenomenon has previously been reported by Allan-Wojtas, Hansen, 
and Paulson (2008). Serp, Mueller, Von Stockar, and Marison (2002) who also observed a thick alginate 
gel through TEM showing the distribution of the polysaccharide chains without a probiotic entrapped in 
the structure, similar to our results (Figure 7.5 C and E). 
 
7.3.4.2. The effect β-glucan and phytosterols 
A compact protein network was observed in cream cheese samples without β-glucan and phytosterols 
(Figure 7.3 A, B, C), whereas cream cheese with β-glucan and phytosterols (Figure 7.3 D, E, F, G) were 
characterised with a more open structure due to the functionality of these substances as an active filler 
within the structure. A similar structure was observed in low-fat Iranian White cheese by Rahimi, 
Khosrowshahi, Madadlou, and Aziznia (2007) that used gum tragacanth as a fat replacer. When the fat 
replacers are distributed evenly within the casein matrix, it breaks the casein bond and yields a porous 
cream cheese structure (Ningtyas et al., 2018). In addition, large and uniform gel particles were also 
observed when β-glucan was used in combination with PS emulsion (Figure 7.3 F and G) but not with 
PS ester (Figure 7.3 D and E). The gel particles observed in samples A-C (Figure 7.3) were smaller (0.1-
10 µm) than samples D-G (1.6-1000 µm), in agreement with the particle size distribution (Figure 7.4). 
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This can be explained due to the presence of alginate as an encapsulation materials and addition of fat 
replacers (β-glucan and phytosterols) in the formulation that entrapped in between the casein matrix and 
create larger gel particles. Similar results were also observed by Ningtyas et al (2018) on reduced-fat 
cream cheese contained β-glucan and phytosterols.  
 
Figure 7.4. The particle size distribution (PSD) of functional reduced-fat cream cheese (RFCC) with 
probiotic (non-encapsulated and encapsulated) at day 1 after manufacture. The codes used (A-G) are as 
in Table 7.1. 
 
The differences in the microstructure of cream cheese samples with β-glucan might be due to the 
interaction between the β-glucan gel and the casein-fat gel particles to create an aggregate. As can be 
seen from Figure 7.3 D, E, F, and G, the β-glucan (BG) appear as larger spherical particles with a concave 
surface that break the network of protein. The phenomena of the concave surface and the irregular particle 
size of the β-glucan particle has previously been reported in Hunter, Gault, and Berner (2002) and Raikos, 
Grant, Hayes, and Ranawana (2018). β-glucan is a hydrocolloid that absorbs water during cream cheese 
processing leading to an increase in the gel size. Compared to β-glucan, the fat and casein micelles were 
identified as small round particles observed in all cream cheese samples. Crystal shaped phytosterols 
(PS) were also observed in cream cheese containing BGPS emulsion (Figure 7.3 F and G). 
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(A) RFCC control 
 
 
(B) RFCC with probiotic 
 
 
(C) RFCC with probiotic encapsulated 
 
 
(D) RFCC BGPS ester with probiotic 
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(F) RFCC BGPS emulsion with probiotic 
 
(G) RFCC BGPS emulsion with probiotic 
encapsulated 
 
Figure 7.5. Transmission electron microscopy (TEM) of fresh reduced-fat cream cheese (RFCC) 
manufactured in various ways (Alg: alginate matrix, EPS: exopolysaccharide, Pr: L.rhamnosus non-
encapsulated, Pr en: L.rhamnosus encapsulated, BG: β-glucan) 
 
However, although TEM is a valuable tool to investigate the detailed microstructure of many food 
products, the presence of phytosterols is not clearly seen in this study, while β-glucan were identified as 
large round shaped particles with a faint outer layer (Figure 7.5 D-G).   
 
7.4. Conclusion 
The results demonstrated that the probiotic bacteria (L. rhamnosus) added to functional reduced-fat 
cream cheese, in non-encapsulated or encapsulated form, remained viable (106-108 CFU/g) after 5 weeks 
of refrigerated storage. β-glucan and phytosterol emulsion aids in maintaining the  viable cell count 
during storage. Therefore, this finding suggests the potential of reduced-fat cream cheese as a food matrix 
for supplementation of probiotic (L.rhamnosus) and prebiotic (β-glucan). With the addition of probiotic, 
the biochemical reactions over the period of storage lead to the formation of heterogeneous compounds 
that may affect the quality of the final product, especially the texture and flavour. Although encapsulated 
probiotic did not significantly change the pH, moisture, fat and protein content, it significantly altered 
the firmness of the cream cheese. The encapsulant (alginate micro-gel particles), prebiotic (β-glucan) and 
exopolysaccharide (EPS) produced by L. rhamnosus create an aggregate of large particle size with open 
structure of cream cheese matrix. The flavour analysis of functional cream cheese containing β-glucan, 
plant sterols and L. rhamnosus will be the next part of research. Further, the protective action of cream 
cheese matrix containing β-glucan on the viability of L. rhamnosus under simulated gastrointestinal 
conditions will be investigated in the future.  
BG 
Pr 
Pr en 
BG 
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Chapter 8.  
 
Flavour profiles of functional reduced-fat cream cheese:  
Effects of β-glucan, phytosterols, and probiotic L. rhamnosus (*) 
 
Abstract 
The purpose of this study was to evaluate the individual and combined effect of functional ingredients - 
β-glucan, phytosterols and probiotic L. rhamnosus on the flavour of functional reduced-fat cream cheese. 
Eleven cream cheese samples were investigated – five reduced fat functional cream cheese samples 
containing β-glucan, esterified phytosterol and emulsified phytosterol independently or in combination 
(β-glucan-esterified phytosterol and β-glucan-emulsified phytosterol) and six probiotic-non-
encapsulated or encapsulated cream cheese with or without β-glucan/phytosterol for their volatile flavour 
compounds. The results were compared with high fat (11.6% fat) and reduced fat (5.5% fat) cream 
cheeses containing no functional ingredients and probiotics. A dynamic headspace GC-MS was used for 
quantifying the volatile compounds found in the samples. Twenty-nine flavour compounds at varied 
levels were identified: 9 fatty acids, 9 ketones, 9 aldehydes, 2 alcohols. Additionally, acetic acid 
(vinegar), hexanoic acid (pungent/sour), octanoic acid, and decanoic acid (rancid, fatty) were also 
identified at high levels in the cream cheese samples. Addition of L. rhamnosus increased the diacetyl 
compounds (buttery flavour), but the effect was more pronounced in non-encapsulated rather than 
encapsulated form. Fatty acid compounds were dominant in cream cheese with phytosterols ester while 
aldehydes and ketones were responsible for the development of flavour in cream cheese containing 
phytosterols emulsions. 
 
 
 
 
 
 
(*) This chapter has been published as a research paper in the LWT-Food Science and Technology (IF = 3.129): 
NINGTYAS, D. W., BHANDARI, B., BANSAL, N., & PRAKASH, S. 2019. Flavour profiles of functional 
reduced-fat cream cheese: Effects of β-glucan, phytosterols, and probiotic L. rhamnosus. LWT-Food Science and 
Technology, 105, 16-22. The manuscript was modified to keep the format consistent throughout the thesis.    
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8.1. Introduction 
In recent times there is more emphasis on healthy foods due to increased awareness among consumers 
of lifestyle diseases. Hence researchers are more focussing on developing food products with reduced fat 
and one such example is the reduced-fat cream cheese. However, reducing the fat content in any food 
products including cream cheese formulation will lead to unfavourable taste and texture compared to the 
full-fat product. Fat plays an important role in cream cheese texture by interfering with the casein-casein 
interaction thereby making it more spreadable and softer (Ningtyas, Bhandari, Bansal, & Prakash, 2017). 
Many strategies have been adopted to improve the quality of reduced-fat cream cheese and one of them 
is adding functional ingredients to substitute the fat, such as by β-glucan and phytosterols. Both 
ingredients impact functional properties differently.  
 
As a hydrocolloid, β-glucan not only improves the texture but also acts as prebiotic to enhance the 
viability of probiotic bacteria. Research on non-fat yogurt with β-glucan has significantly increased the 
viscosity and decreased syneresis in yogurt without influencing the aroma profiles (Sahan et al., 2008). 
However, different results were obtained when β-glucan was added to cheddar cheese and white-brined 
cheese. A starchy and bitter taste were perceived by consumer from cheddar cheese containing β-glucan 
(Konuklar et al., 2004), with an increase in the amount of short chain fatty acids compounds (lactic, 
acetic, and butyric) due to the metabolic pathway from carbohydrate fermentation (Volikakis et al., 
2004). Meanwhile, having a similar structure as cholesterol, phytosterols act as a fat replacer to improve 
the creaminess and provide lubrication properties to low-fat product (Ningtyas et al, 2008). Native 
phytosterols, in white crystalline powder, have been used in spread to reduce the cholesterol levels. 
However, the incorporation of phytosterols into food product can also be difficult, due to its low solubility 
and waxy characteristics (Monu, Blank, Holley, & Zawistowski, 2008). Esterification of phytosterols 
with fatty acids results in phytosterols ester that is a semi-liquid substance which is more soluble and has 
characteristics similar as edible fats and oils. Thus can be incorporated into various low-fat food products 
(Cantrill, 2008).  The susceptibility of phytosterols to lipid oxidation can also be an important issue that 
needs to be considered during processing. Garcia-Llatas et al. (2013) observed that the volatile profiles 
of milk-based beverages enriched with phytosterols show a low amount of volatile oxidation levels that 
is desirable.  
 
Flavour development in cream cheese is mostly derived from lactic acid fermentation and other nutrients 
such as lactose, protein, and fat (Wang et al., 2012). During processing, various chemical and 
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biochemical reactions take place and lead to changes in the aroma development that could influence 
cream cheese acceptance and consumption. The addition of probiotic (non-encapsulated and 
encapsulated), may change the composition of heterogeneous compounds that affect the quality of the 
final product, especially the texture and flavour. Lactobacillus rhamnosus is a well-known probiotic 
bacteria with high ability to produce volatile compounds. Through its heterofermentative pathway, L. 
rhamnosus utilize the substrate to produce diacetyl and acetoin as a by-product that is important for the 
development of cheese flavour (Jyoti et al., 2003). High amount of diacetyl contributes towards buttery 
flavour.  
 
There are very few studies on flavour development in soft cheese, acid coagulated cheese, and cream 
cheese, in particular with added texture improvers despite their importance (Guneser & Yuceer, 2011; 
Jeon et al., 2012; Sablé & Cottenceau, 1999). Previous research has reported on the effect of β-glucan 
and phytosterols on the textural properties (Ningtyas, Bhandari, Bansal, & Prakash, 2018), but no 
information is available on flavour profiles. Therefore, this research was aimed to characterise the 
volatile profiles of cream cheese enriched with β-glucan and phytosterols, as well as to investigate the 
effectiveness of L. rhamnosus (non-encapsulated and encapsulated) to improve the flavour of the 
functional cream cheese.   
 
8.2. Materials and methods 
The functional reduced-fat cream cheese was made from cow milk with 1.3 % fat (w/w) obtained from 
a local supermarket. Mesophilic starter culture (FD-DVS R-704) and rennet (200 IMCU/mL, Chy-max 
PLUS) obtained from Chr. Hansen Pty. Ltd., Bayswater, Australia were used for acidification and 
coagulation in cream cheese processing. Two types of phytosterols from soybean extract, phytosterols 
powder (purity 95.18 %) and phytosterols ester (purity 97 %), were obtained from Xi’an Le Sen Bio-
technology Co., Ltd., China, and Xi’an Healthful Biotechnology Co., Ltd., China respectively. Oat β-
glucan (purity 70 %), purchased from Hangzhou New Asia International Co., Ltd., China. Phytosterols 
ester was added directly into cheese curd, while phytosterols powder were emulsified with canola oil and 
casein as described previously (Ningtyas et al., 2018). Probiotic bacteria L. rhamnosus were chosen to 
be added in the formulation in two forms: non-encapsulated and encapsulated. 
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8.2.1. Microencapsulation of L.rhamnosus 
Probiotics powder (10 g having 1011 CFU/g) were suspended in 2 % w/v (1000 mL) sodium alginate 
solution, which was previously heated at 80 °C for 30 min. The spray aerosol method was used for 
encapsulating the probiotic bacteria as described previously in chapter 7 (Sohail et al., 2011). An aerosol 
of microbial suspension in alginate solution was injected into the top of plexiglass cylinder through a 
two-fluid nozzle at a pump speed of 12 mL/min using pressurized air at 500 kPa. A counter aerosol of 
the sterile 0.1 M CaCl2 solution was injected from the base of the vessel using a two-fluid nozzle at a 
speed of 9 mL/min at 400 kPa. The resulting alginate microgel particles containing the probiotics were 
collected from an outlet at the base of the encapsulation chamber. The encapsulated probiotics were 
filtered (Advantec 5C filter paper) under vacuum and stored at 4 °C. 
 
8.2.2. Functional cream cheese processing 
The various cream cheese samples used in this study are listed in Table 8.1. Broadly, they can be 
categorised into two groups – Group 1 without probiotics and Group 2 with probiotics (non-encapsulated 
and encapsulated form). High-fat cream cheese (HFCC) and reduced-fat cream cheese (RFCC) are the 
two control cream cheese samples without any functional ingredients – phytosterols, β-glucan, and 
probiotics. 
  
Table 8.1. Cream cheese samples used in this study 
Group Cream cheese samples Code 
1 High-fat cream cheese  HFCC 
Reduced-fat cream cheese  RFCC 
Reduced-fat cream cheese with β-glucan RFCC BG 
Reduced-fat cream cheese with PS ester RFCC PS ester 
Reduced-fat cream cheese with PS emulsion RFCC PS emulsion 
Reduced-fat cream cheese with β-glucan & PS ester RFCC BGPS ester 
Reduced-fat cream cheese with β-glucan & PS emulsion RFCC BGPS emulsion 
2 Reduced-fat cream cheese with non-encapsulated 
probiotic  
B 
Reduced-fat cream cheese with encapsulated probiotic C 
Reduced-fat cream cheese BGPS ester with non-
encapsulated probiotic 
D 
Reduced-fat cream cheese BGPS ester with encapsulated 
probiotic 
E 
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Reduced-fat cream cheese BGPS emulsion with non-
encapsulated probiotic 
F 
Reduced-fat cream cheese BGPS emulsion with 
encapsulated probiotic 
G 
 
All cream cheese were manufactured by adopting the method developed by Ningtyas et al. (2018) using 
pasteurised commercial cow milk (1.3% fat), except for high-fat cream cheese made from commercial 
pasteurised milk with 3.4% fat. Milk was pre-warmed to 28 °C in a water bath followed by adding rennet 
and starter culture and continued with fermentation for 8.5 hrs. The fermented milk gel was then cut and 
heated at 55 °C for 45 min and drained to separate the whey for 5 hrs at ambient temperature. Functional 
ingredients (β-glucan, phytosterols esters and phytosterols emulsion) were added into cream cheese curd, 
as per detailed sample in Table 8.1. Probiotic L. rhamnosus (non-encapsulated and encapsulated) were 
also incorporated into cheese curd together with functional ingredients. The mixture was then mixed 
using a Stephan mixer at 3000 rpm for 4 min. Each of the cream cheese samples was made in duplicates. 
 
8.2.3. The volatile compound analysis in cream cheese 
The volatile compounds in cream cheese were analysed by solid-phase microextraction (SPME) using 
gas chromatography (GC). 1.5 g of each of the cream cheese sample was weighed and placed in a 20 mL 
glass vial and sealed with a septum and aluminum cap. Biological duplicates of all samples were tested 
in the same run of GC and mean values are shown in the results. The flavour compounds extraction was 
carried by automated injection of a 50/30 µm divinylbenzene/carboxene/polydimethylsiloxane SPME 
fiber (Supelco, Bellefonte, PA, USA) into the vial and exposing it to the headspace at 60 °C for 40 min. 
After extraction, the SPME fiber was automatically inserted into the GC injection port and desorbed at 
250 °C for 1.5 min. The flavour compounds were then identified by using GC-MS-QP2010 plus 
according to the method described in Lo, Ho, Bansal, and Turner (2018). The separation was carried out 
using a capillary column ZB-WAX (60m x 0.32mm x 0.5µm Phenomenex, Torrance, CA, USA) and 
helium as the carrier gas. The temperature program was initially set at 40 °C for 8 min and increased to 
160 °C at a rate of 4 °C/min and then increased to 240 °C at a rate of 7 °C/min which was maintained for 
5 min. The mass spectrometer (MS) was operated in electron impact mode with a source temperature of 
200 °C, the capillary interface at 250 °C, ionisation voltage at 70 eV and a scan mass range of m/z 35-
500. Identification of the compounds was based on the comparison of their mass spectra with the spectra 
from National Institute of Standards and Technology (NIST) library and the retention time with the 
literature data using the Kovats’ retention index.   
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8.2.4. Statistical analysis 
The differences in the volatile profiles during ripening were analysed using one-way analysis of variance 
(ANOVA). The experiments and analysis were conducted in duplicate. Tukey’s test was applied to 
compare the mean values of the volatile compounds at the different days of ripening. The relationship 
between variables was assessed by using principal component analysis (PCA). PCA is commonly used 
for complex data analysis to summarize variation. It provides a way to characterize multidimensional 
data and identify similarities and differences. The peak area of volatile compounds (GC-MS) was used 
as variables and PCA was carried out using XLStat. 
 
8.3. Result and discussion 
8.3.1. General volatile compounds 
A total of 29 major volatile compounds were identified in reduced-fat cream cheese containing functional 
ingredients (β-glucan and phytosterols) with or without the addition of probiotic L. rhamnosus. These 
compounds contribute to the quality of cream cheese and broadly categorised as a fatty acid, ketone, 
aldehyde or alcohol. Previous studies have reported that the main aroma-active compounds in cheese are 
alcohols, aldehydes, ketones, esters, acids, and sulfurs with varied composition as influenced by fat 
reduction, adjunct culture, starter culture, and storage temperature (Andiç, Tunçtürk, & Boran, 2015; 
Guneser & Yuceer, 2011). The volatile compounds found in functional cream cheese without probiotic 
and with probiotic are presented in Table 8.2 and Table 8.3, respectively. 
 
The production of neutral volatile compounds were examined to identify whether the addition of 
functional ingredients (β-glucan and phytosterols) and probiotic L. rhamnosus into cream cheese 
contributed to the flavour formation. It can be inferred from Table 8.2 and Table 8.3 that compared to 
aldehyde and ketone, fatty acids were the most abundant volatile compounds found in all cream cheese 
samples, similar with the previous report on cholesterol removed cream cheese (Jeon et al., 2012). 
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Table 8.2. Volatile flavour compounds of reduced-fat cream cheese without probiotic 
Volatile compound Retention 
time 
(min) 
Peak Area (x106) of cream cheese samples* 
HFCC RFCC RFCC PS 
ester 
RFCC PS 
emulsion 
RFCC BG RFCC BGPS 
ester 
RFCC BGPS 
emulsion  
Fatty Acid 
Acetic acid 34.27 23.5 ± 4.2a 23.8 ± 1.4a 24.3 ± 0.8a 16.9 ± 11.0a 16.7 ± 1.2a 13.0 ± 17.0a 17.2 ± 11.0a 
Propanoic acid 36.91 0.8 ± 0.9a 1.7 ± 0.2a 0.1 ± 0.0a 0.8 ± 0.4a 0.7 ± 0.2a n.d 0.7 ± 0.1a 
Butanoic acid 39.46 15.5 ± 1.8a 13.7 ± 1.4a 13.7 ± 3.0a 11.0  2.7±a 10.2 ± 0.1a 13.5 ± 11.0a 6.3 ± 0.5a 
Pentanoic acid 42.14 0.5 ± 0.2c 0.4 ± 0.1c 0.7 ± 0.1bc 0.6 ± 0.2bc 0.2 ± 0.0c 0.6 ± 0.4bc 1.6 ± 0.2a 
Hexanoic acid 44.36 101.0 ± 2.6a 99.4 ± 0.2a 86.4 ± 22.0ab 59.3 ± 9.4ab 87.1 ± 4.5ab 82.5 ± 34.0ab 46.9 ± 4.9b 
Heptanoic acid 46.34 2.8 ± 0.4a 3.1 ± 0.0a 3.6 ± 0.1a 2.8 ± 0.5a 3.4 ± 0.1a 2.7 ± 0.2a 2.5 ± 0.2a 
Octanoic acid 48.04 120.0 ± 5.3bc 162.0 ± 7.0ab 143.0 ± 21.0ab 77.1 ± 9.9cd 183.0 ± 7.1a 133.0 ± 27.0b 64.4 ± 1.5d 
Nonanoic acid 49.63 3.0 ± 0.7a 3.2 ± 0.6a 5.5 ± 1.7a 3.5 ± 0.8a 4.8 ± 0.6a 4.3 ± 0.8a 2.8 ± 0.3a 
Decanoic acid 51.23 51.2 ± 2.0cde 82.3 ± 2.1abc 70.7 ± 23.0abcd 37.5 ± 5.6de 107.0 ± 10.0a 64.7 ± 18.0bcde 25.2 ± 3.1e 
Ketone 
Acetone 8.95 1.8 ± 0.6ab 1.9 ± 0.1ab 0.9 ± 0.3b 5.5 ± 1.5ab 1.1 ± 0.1b 1.4 ± 0.4b 6.4 ± 4.3ab 
2-butanone 
2,3-butanedione 
(diacetyl) 
11.88 
 
15.37 
0.4 ± 0.0abc 
 
11.1 ± 1.2ab 
0.4 ± 0.1abc 
 
5.3 ± 0.1a 
0.4 ± 0.0abc 
 
5.8 ± 0.3a 
1.5 ± 1.0abc 
 
4.6 ± 3.2a 
0.2 ± 0.1bc 
 
5.8 ± 0.2a 
0.5 ± 0.1abc 
 
5.4 ± 0.2a 
1.6 ± 0.4ab 
 
7.3 ± 3.9a 
2-pentanone 16.93 0.2 ± 0.1c 0.1 ± 0.1c 0.1 ± 0.1c 13.7 ± 7.9ab 0.1 ± 0.1c 0.1 ± 0.1c 20.6 ± 3.3a 
2-heptanone 23.99 4.3 ± 0.8a 5.5 ± 0.3a 4.7 ± 1.3a 5.5 ± 69.0a 24.3 ± 29.0b 8.0 ± 6.5a 5.0 ± 2.1a 
2-Heptanone, 6-methyl- 26.13 0.2 ± 0.0ab 0.2 ± 0.2ab 0.2 ± 0.2ab 0.2 ± 0.1ab 0.1± 0.0ab n.d 0.5 ± 0.3ab 
Acetoin 29.01 n.d 2.8 ± 4.0a 2.6 ± 3.6a 1.4 ± 2.0a 1.6 ± 2.2a n.d n.d 
2-Nonanone 30.05 0.1 ± 0.0c 0.2 ± 8.6c 0.3 ± 0.1bc 5.7 ± 7.7abc 0.2 ± 0.1c 0.3 ± 0.1bc 14.3 ± 3.5a 
2,15-Hexadecanedione 32.80 0.1 ± 0.1c n.d 0.4 ± 0.0c 6.9 ± 9.3abc 0.3 ± 0.2c 0.3 ± 0.3c 15.9 ± 3.4a 
Aldehyde 
2-butenal 18.22 n.d n.d 0.3 ± 0.2bc 0.6 ± 0.0abc 0.1 ± 0.1c n.d 1.1 ± 0.5ab 
Hexanal 19.85 3.4 ± 0.9bc 4.4 ± 1.1bc 16.3 ± 4.1a 3.2 ± 0.2c 2.3 ± 0.5c 12.3 ± 4.1ab 6.0 ± 0.9bc 
2-Hexenal 25.72 0.1 ± 0.0a 0.2 ± 0.1a 0.2 ± 0.1a 0.6 ± 0.1a 0.3 ± 0.0a 0.7 ± 0.8a 1.1 ± 0.5a 
Octanal 28.04 0.2 ± 0.0a 1.0 ± 0.1a 1.7 ± 0.9a 3.3 ± 0.3a 0.6 ± 0.0a 1.1 ± 1.2a 1.6 ± 0.2a 
2-Heptenal 29.65 0.6 ± 0.2b 0.8 ± 0.3b 1.7 ± 0.1ab 6.7 ± 0.5ab 0.3 ± 0.2b 1.2 ± 0.1ab 6.0 ± 1.2ab 
Nonanal 31.80 1.0 ± 0.1d 2.8 ± 0.2cd 5.2 ± 0.4abcd 7.3 ± 10.0ab 2.2 ± 0.0cd 3.3 ± 0.4bcd 6.3 ± 1.2abc 
2-Octenal 33.27 0.4 ± 0.1c 0.5 ± 0.0c 0.8 ± 0.2bc 0.8 ± 0.2bc 0.3 ± 0.0c 0.6 ± 0.0ab 1.5 ± 0.3bc 
2-Decenal 39.81 0.2 ± 0.0a 0.3 ± 0.0a 0.7 ± 0.3a 1.0 ± 0.7a 0.1 ± 0.0a 0.6 ± 0.2a 1.9 ± 0.5a 
2,4-Heptadienal, (E,E)- 35.54 0.5 ± 0.2d 0.9 ± 0.1cd 1.1 ± 1.1cd 2.6 ± 0.5abcd 0.3 ± 0.0d 0.3 ± 0.4d 7.3 ± 4.2abc 
Alcohol 
Hexanol 30.63 0.2 ± 0.2a 0.2 ± 0.1a 1.0 ± 0.3a 0.3 ± 0.4a 0.1 ± 0.0a 0.1 ± 0.0a 1.6 ± 1.9a 
1-Octen-3-ol 33.68 0.4 ± 0.2a 0.9 ± 0.0a 18.0 ± 0.1a 0.5 ± 24a 2.6 ± 0.5a 3.1 ± 0.4a 0.5 ± 0.6a 
* The peak area of each volatile compounds is an average value from two analysis. Samples with different letters between columns show significant difference according to Tukey’s pairwise 
comparison (P<0.05). Types of cream cheese can be seen from Table 8.1 (Group 1).  
n.d is not detectable 
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Table 8.3. Volatile flavor compounds of reduced-fat cream cheese with added probiotic L. rhamnosus 
Volatile compound Retention 
time (min) 
Peak Area (x106) of cream cheese samples* 
RFCC B C D E F G 
Fatty Acid 
Acetic acid 34.27 23.8 ± 1.4a 22.7 ± 5.5a 20.2 ± 7.0a 17.0 ± 0.7a 13.4 ± 12.0a 25.5 ± 7.7a 18.7 ± 18.0a 
Propanoic acid 36.91 1.7 ± 0.2a 0.9 ± 0.7a 0.5 ± 0.2a 1.0 ± 1.0a 0.8 ± 0.1a 1.4 ± 0.1a 1.2 ± 0.1a 
Butanoic acid 39.46 13.7 ± 1.4a 13.0 ± 2.9a 16.6 ± 0.0a 7.8 ± 0.3a 10.9 ± 1.1a 5.7 ± 0.3a 8.9 ± 3.3a 
Pentanoic acid 42.14 0.4 ± 0.1c 0.4 ± 0.0c 0.6 ± 0.0bc 0.2 ± 0.0c 0.4 ± 0.2c 1.3 ± 0.2ab 1.5 ± 0.1a 
Hexanoic acid 44.36 99.4 ± 0.2a 95.9 ± 13.0ab 105.0 ± 2.3a 69.2 ± 2.5ab 79.8 ± 1.7ab 47.1 ± 0.4ab 56.5 ± 8.4b 
Heptanoic acid 46.34 3.1 ± 0.0a 3.8 ± 0.7a 3.9 ± 0.3a 3.0 ± 0.1a 3.5 ± 0.2a 3.1 ± 0.5a 3.4 ± 0.5a 
Octanoic acid 48.04 162.0 ± 7.0ab 156.0 ± 16.0ab 183.0 ± 7.1a 121.0 ± 8.8bc 147.0 ± 3.1ab 63.0 ± 8.2d 79.8 ± 13.0cd 
Nonanoic acid 49.63 3.2 ± 0.6a 3.6 ± 0.2a 4.6 ± 0.1a 4.8 ± 1.6a 4.8 ± 1.0a 4.1 ± 0.8a 4.1 ± 2.0a 
Decanoic acid 51.23 82.3 ± 2.1abc 80.8 ± 10.0abc 104.0 ± 7.0ab 55.2 ± 6.2cde 83.5 ± 6.2abc 27.8 ± 1.7e 35.5 ± 5.4de 
Ketone 
Acetone 8.95 1.9 ± 0.1ab 1.4 ± 0.4b 0.9 ± 0.0b 0.9 ± 0.0b 0.7 ± 0.0b 8.4 ± 4.3a 2.8 ± 0.6ab 
2-butanone 
2,3-butanedione 
(diacetyl) 
11.88 
15.37 
0.4 ± 0.1abc 
5.3 ± 0.1a 
0.3 ± 0.3abc 
18.2 ± 14.0ab 
0.3 ± 0.1abc 
4.6 ± 0.4a 
0.2 ± 0.1bc 
16.6 ± 7.0ab 
0.1 ± 0.0c 
6.9 ± 1.7a 
1.7 ± 0.6a 
27.3 ± 64.0b 
1.0 ± 0.1abc 
8.4 ± 0.9a 
2-pentanone 16.93 0.1 ± 0.1c n.d n.d n.d n.d 16.0 ± 5.1ab 5.4 ± 1.2bc 
2-heptanone 23.99 5.5 ± 0.3a 3.9 ± 0.1a 4.6 ± 0.3a 5.0 ± 0.8a 3.3 ± 0.2a 7.0 ± 2.5a 6.8 ± 1.9a 
2-Heptanone, 6-methyl- 26.13 0.2 ± 0.2ab 0.2 ± 0.1ab 0.1 ± 0.1b 0.2 ± 0.1ab n.d 0.9 ± 0.2ab 1.0 ± 0.7a 
Acetoin 29.01 2.8 ± 4.0a n.d n.d 5.1 ± 2.9ab 0.1 ± 0.1a 16.0 ± 19.0b 2.0 ± 2.9a 
2-Nonanone 30.05 0.2 ± 8.6c 0.1 ± 0.1c 0.2 ± 0.1c 0.3 ± 0.1bc 0.3 ± 0.2bc 13.9 ± 4.7a 11.5 ± 3.2ab 
2,15-Hexadecanedione 32.80 n.d n.d 0.2 ± 0.0c 0.8 ± 0.1bc 0.4 ± 0.3c 16.0 ± 4.7a 13.2 ± 3.6ab 
Aldehyde 
2-butenal 18.22 n.d n.d 0.1 ± 0.0c n.d 0.2 ± 0.1c 1.2 ± 0.5a 0.8 ± 0.2abc 
Hexanal 19.85 4.4 ± 1.1bc 2.3 ± 1.0c 4.3 ± 0.3bc 15.3 ± 1.7a 5.9 ± 0.6bc 5.4 ± 5.0bc 4.4 ± 1.2bc 
2-Hexenal 25.72 0.2 ± 0.1a 0.2 ± 0.1a 0.5 ± 0.2a 0.3 ± 0.0a 0.3 ± 0.2a 1.8 ± 0.5a 1.5 ± 1.2a 
Octanal 28.04 1.0 ± 0.1a 0.4 ± 0.0a 0.1 ± 0.1a 2.8 ± 0.7a 2.0 ± 2.5a 1.6 ± 0.5a 0.6 ± 0.4a 
2-Heptenal 29.65 0.8 ± 0.3b 0.6 ± 0.2b 0.8 ± 0.3b 1.9 ± 0.6ab 1.4 ± 0.0ab 11.1 ± 4.6a 10.0 ± 5.5ab 
Nonanal 31.80 2.8 ± 0.2cd 2.5 ± 1.6cd 3.3 ± 0.3bcd 4.0 ± 0.4bcd 5.6 ± 1.9abc 9.2 ± 1.7a 6.5 ± 1.4abc 
2-Octenal 33.27 0.5 ± 0.0c 0.3 ± 0.1c 0.6 ± 0.0bc 0.7 ± 0.2bc 0.7 ± 0.0bc 1.9 ± 0.7a 2.0 ± 0.1a 
2-Decenal 39.81 0.3 ± 0.0a 0.2 ± 0.1a 0.2 ± 0.0a 0.8 ± 0.3a 0.7 ± 0.7a 2.0 ± 0.7a 2.0 ± 0.9a 
2,4-Heptadienal, (E,E)- 35.54 0.9 ± 0.1cd 0.6 ± 0.4cd 0.6 ± 0.0cd 0.4 ± 0.0d 0.4 ± 0.2d 8.9 ± 4.0ab 10.4 ± 1.5a 
Alcohol 
Hexanol 30.63 0.2 ± 0.1a 0.1 ± 0.1a 0.1 ± 0.1a 1.2 ± 0.3a 0.8 ± 1.0a 3.0 ± 1.9a 0.5 ± 0.8a 
1-Octen-3-ol 33.68 0.9 ± 0.0a 0.1 ± 0.1a 0.4 ± 0.3a 0.1 ± 0.2a 0.6 ± 0.8a 2.4 ± 0.9a 3.1 ± 1.8a 
* The peak area of each volatile compounds were an average value from two analyses. Samples with different letters between columns show significant difference according to Tukey’s 
pairwise comparison (P<0.05). Types of cream cheese can be seen from Table 8.1 (Group 2).  
n.d is not detectable 
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Table 8.3 presents the flavour profiles of cream cheese with probiotics in non-encapsulated or 
encapsulated forms. As can be seen, the addition of probiotic bacteria did not change the flavour profiles. 
However, with non-encapsulated probiotic, the amount of diacetyl is higher compared with the 
encapsulated form. This can be explained by a high metabolism activity of non-encapsulated L. 
rhamnosus which produced more diacetyl and acetoin. The viable cell count was higher in cream cheese 
containing non-encapsulated L. rhamnosus, possibly due to their unrestricted growth in  the non-
encapsulated form (reported in Chapter 7). Cream cheese is an unripened product and consumed fresh so 
the flavour mainly comes from acid along with acetaldehyde at low concentrations (Litopoulou-
Tzanetaki, 2007; Phadungath, 2005). Similar results were also obtained from Cardenas et al. (2014) when 
the probiotic L. salivarus was added to cream cheese. Data from Table 8.2 showed that 2-pentanone, 2-
hexenal, 2-heptenal, 2-nonanone, 2, 15-hexadecanedione, 2-octenal, 1-octen-3-ol, 2-decenal, and 
pentanoic acid were found in abundant amount only in cream cheese containing β-glucan and 
phytosterols emulsion. However, the contribution of these compounds to cream cheese flavour is not 
well known and need to be investigated in future. 
 
8.3.2. Aldehyde compounds 
Nine aldehydes compounds were identified in all cream cheese samples, except for 2-butenal which is 
found especially in cream cheese samples with PS emulsion. Hexanal and heptanal are important flavor 
compound, found in all cream cheese samples although the amount is varied. These compounds are 
generally produced due to the oxidation of unsaturated fatty acids that contributes a desirable flavour in 
fermented milk (Dan et al., 2017). In this study, among all the samples, the highest peak area of hexanal 
was obtained for cream cheese containing phytosterol ester, with or without probiotic (Table 8.2 and 
Table 8.3). Addition of probiotic bacteria in both forms caused a reduction in the amount of hexanal from 
16.3 (without probiotic) to 15.3 and 5.93 for samples with non-encapsulated and with encapsulated 
probiotic, respectively.  
 
Meanwhile, 2-heptenal, nonanal, and 2,4-heptadienal, (E, E)- were the only components that showed the 
highest peak area value in cream cheese containing phytosterol emulsions (Table 8.2). Interestingly, these 
compounds showed a significant (<0.05) increase in concentration with the addition of non-encapsulated 
probiotic bacteria as can be inferred from Table 8.3 (sample F). Changes in levels of these three 
compounds are probably related to the metabolic pathway of lactic acid bacteria including L. rhamnosus 
and from the secondary oxidation of fatty acids (Guneser & Yuceer, 2011; Smit et al., 2005).  
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8.3.3. Ketone compounds 
The mean values of ketone peak areas in cream cheese with functional ingredients (β-glucan and 
phytosterols) and probiotic L. rhamnosus are reported in Tables 8.2 and 8.3 respectively. A range of 
carbonyl compounds were identified in all cream cheese samples, which included compounds such as 
acetoin, diacetyl, acetone, 2-butanone, 2-pentanone, 2-heptanone, 2-nonanone, and 2, 15-
hexadecanedione. These compounds are mainly derived from the metabolism of lactose and lactic acid 
by the starter culture Lactobacillus or by the enzymatic oxidation of fatty acid (McSweeney & Sousa, 
2000; Smit et al., 2005) that is associated with the pungent aroma in blue cheese (Hayaloglu, Yasar, Tolu, 
& Sahingil, 2013).   
 
Diacetyl is the natural aroma found in many dairy products, such as butter, cheese, and fermented milk 
associated with the creamy and buttery flavour notes. This flavour compound is an important attribute 
that influences consumer perception for specific products. According to Clark and Winter (2015), low-
fat cottage cheese has less buttery flavour than high-fat cheese therefore an attempt to increase the amount 
of diacetyl by up to 4 ppm is required to fulfil the consumer demand. The intensities of diacetyl varied 
among all cream cheese samples and the highest concentrations were observed in sample F (probiotic 
cream cheese containing β-glucan and phytosterols emulsion). It can be inferred from Table 8.2 that 
without probiotic, diacetyl intensities in HFCC (11.10) is higher than RFCC (5.28) or RFCC with 
functional ingredients (4.63 – 7.29). Interestingly, the addition of probiotic L. rhamnosus increases the 
amount of diacetyl up to 4 times higher for non-encapsulated probiotic in the range 16.6 to 27.3) (Table 
8.3). As reported previously, the amount of diacetyl is not only influenced by the fat content but also by 
the activity of lactic acid bacteria during fermentation or storage (Clark & Winter, 2015). Additionally, 
2-heptanone (herbaceous aroma) and 2-butanone (buttery aroma), were also found in all cream cheese 
samples at low concentrations that are a result of lactose or citrate metabolism by microorganisms. It has 
also been reported that these compounds were found in a Spanish goat milk cheese (Delgado, González-
Crespo, Cava, & Ramírez, 2011) that contributed to fruity, floral and musty flavour notes.       
 
8.3.4. Acidic compounds 
Nine carboxylic acids were identified (Tables 8.2 and 8.3) present in varying levels in all the cream 
cheese samples. The highest level of volatile fatty acid content was observed in RFCC BG (cream cheese 
fortified with β-glucan) where octanoic, decanoic and hexanoic acid were the dominant acidic 
compounds. The amount of acetic, propanoic, butanoic, pentanoic, heptanoic and nonanoic were similar 
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between samples, while significant differences (P<0.05) were found for hexanoic, octanoic and decanoic 
acids, found in small amount in cream cheese containing functional ingredients (β-glucan and 
phytosterols emulsion) (Table 8.2) and probiotic L. rhamnosus (Table 8.3). These acids can be derived 
from proteolysis, lipolysis, and glycolysis pathway using protein, fat, and lactose as substrate (Hayaloglu 
et al., 2013). 
 
Interestingly, a higher concentration of hexanoic, octanoic and decanoic acids were found in cream 
cheese with encapsulated probiotic (sample C, E, G) than in cream cheese containing non-encapsulated 
probiotics (sample B, D, F). The presence of these compounds in this samples is similar to a previous 
study by Rehman et al. (2000) on cheddar cheese. Due to their contribution to undesirable flavour notes 
such as pungency, rancidity, and fatty cheese, their presence at low concentrations in cream cheese 
samples (Tables 8.2 & 8.3) is desirable. It can be inferred from Tables 8.2 and 8.3 that acetic acid 
(vinegar) was found in all samples with similar mean values of peak area and slightly reduces when 
probiotic were added to cream cheese. According to Ziino, Condurso, Romeo, Giuffrida, and Verzera 
(2005), acetic acid can be produced from the metabolic pathway of lactic acid bacteria by oxidation of 
lactose under anaerobic condition or catabolism of alanine and serine. 
 
8.3.5. Principal component analysis 
PCA was applied only to the mean values (21 from total of 29 volatile compounds) that showed a 
significant different between cream cheese samples fortified with functional ingredients and probiotic L. 
rhamnosus. Three components (PC1, PC2, and PC3) were extracted, which accounted for 86.2 % of the 
total variance, and plotted in two graphs: PC1 against PC2 (Figure 1) and PC1 against PC3 (Figure 8.2). 
Overall, samples containing PS emulsion showed higher intensity on PC1 than did those with PS ester 
or cream cheese control. There was not a clear differentiation between samples without or with probiotic 
L. rhamnosus in both forms (non-encapsulated and encapsulated). A possible explanation could be the 
slow metabolic activity of L. rhamnosus when the volatile analysis was conducted (Day 1). According 
to Valík et al. (2008), the growth of L. rhamnosus at 6 °C is slow and still at lag phase even after 51 
hours.     
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Figure 8.1. Score plot of PC1 vs PC2 based on the GC-MS data from thirteen samples of reduced-fat 
cream cheese together with controls (PS ester, PS emulsions, and milk). The codes used (B-G) are as in 
Table 8.1. 
 
The first three principal components (PCs) explain 71.3 % of the variation in the data collected for 21 
volatile compounds measured in 13 cream cheese samples. Data from Figure 8.1 show that PC1 and PC2 
accounted for 57.73 % and 14.87 % of the total variance, respectively. PC1 separated the samples by 
their functional groups, which are acid compounds and aldehyde-ketone compounds. These result 
indicated that cream cheese containing PS ester, HFCC and RFCC were highly correlated and grouped 
together, where the volatile compounds were dominated by fatty acids. On the other hand, the volatile 
compound of cream cheese containing PS emulsions were mainly dominated by aldehydes and ketones, 
hence grouped separately (Figure 8.1 and Figure 8.2). However, there were some exceptions to this, for 
example, pentanoic acid which was not clustered with the other fatty acids possibly due to its extremely 
low concentration. 
 
All the cream cheese samples can be clearly grouped based on the functional ingredients mainly the 
difference in phytosterols (esterified and emulsified). Cream cheese containing phytosterols emulsion, 
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with or without probiotic L. rhamnosus (non-encapsulated or encapsulated) were located on the positive 
side of PC1, together with PS emulsion control. These cream cheese were characterised by high levels 
of volatile compounds containing aldehydes and ketones such as 2-Heptenal, 2-Hexenal, 2-Butenal, 2-
Nonanone, 2-Pentanone, 2-Pentanone-3-methyl, 2, Heptanone-6-methyl, 2,4-Heptadienal, (E, E), and 
2,15-Hexadecanedione which had high positive loadings on PC1.  
  
Figure 8.2.  Biplot of PCA1 vs PC3 based on the GC-MS data from thirteen samples of reduced-fat 
cream cheese together with controls (PS ester, PS emulsions, and milk 1.3% fat). The codes used (B-G) 
are as in Table 8.1. 
 
It can be seen from Figure 8.1 and Figure 8.2, high-fat and reduced-fat cream cheese (without functional 
ingredients and probiotic), and cream cheese fortified with phytosterols ester were close to each other on 
the negative side of PC1 and PC2, together with PS ester control and milk control. These results indicated 
that these cream cheese samples have identical volatile compounds, characterised mainly by fatty acids 
such as hexanoic, butanoic, octanoic, and decanoic acid.  
 
8.4. Conclusion 
This study characterises the volatile compounds found in functional reduced-fat cream cheese as 
influenced by β-glucan, phytosterols and probiotic L. rhamnosus (non-encapsulated or encapsulated 
form). The results showed that the main volatile components are fatty acids, which exceed 50 % of the 
total identified compounds with octanoic acid and hectanoic acid present in abundance. There were 
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significant changes in the flavour profiles of functional cream cheese with and without probiotic, 
particularly aldehydes and ketones compound. The probiotic enriched cream cheese was characterised 
with more creamy and buttery flavour (diacetyl), suggesting the effectiveness of L. rhamnosus to improve 
the flavour of the reduced-fat cream cheese. Overall, both encapsulated or non-encapsulated form of L. 
rhamnosus were not significantly different in producing flavour compounds in cream cheese, except for 
diacetyl and acetoin compounds that where significantly higher in the encapsulated form. The flavour 
profiles of cream cheese enriched with phytosterols ester were dominated by acid compounds while a 
high number of aldehydes and ketones were found in cream cheese with phytosterols emulsion. However, 
further studies should be conducted in conjunction with a sensory evaluation to draw comparisons 
between human perception and measured volatile compounds.  
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Chapter 9.  
 
General Conclusions and Recommendations 
 
9.1. General conclusions 
Cream cheese is a popular product as a spread and an ingredient in many foods such as cake filling due 
to its functionality. A good quality cream cheese is characterised by its texture that is soft, smooth, 
spreadable, creamy, and a buttery flavour note. However, the high-fat content of cream cheese (> 25% 
fat) is a concern due to its potential impact on health. The consumers demand for healthy food without 
compromising the texture, taste and flavour is increasing. Fat improves the texture and releases the 
buttery flavour note in high-fat cream cheese. This research investigated the effect of reduced fat content 
on cream cheese texture, sensory perception and flavour profiles by incorporating functional fat replacers 
(β-glucan and phytosterols) and also by the addition of probiotic L. rhamnosus. This study included a 
number of aspects of reduced-fat cream cheese; (i) Textural characterisation of cream cheese with  
different fat levels; (ii) Development of reduced-fat cream cheese by modifying the process and adding 
fat replacers; (iii) Investigation of dynamic changes in textural perception of reduced-fat cream cheese 
during oral processing using temporal dominance sensation (TDS) tool; (iv) Effect of probiotic addition 
on the flavour profile of reduced-fat cream cheese during storage;  
 
Textural characterisation of cream cheese with different fat levels:  
Due to the limited information on the textural properties of cream cheese, especially the reduced-fat type, 
the project started with the characterisation of the physical properties of cream cheese with different fat 
levels (Chapter 3), which provides essential information on textural changes in relation to fat content. 
Three in-house high-, medium- and low-fat cream cheeses were developed to investigate their textural 
properties. The analytical results of particle size, texture profile analysis, CLSM, rheology and tribology 
revealed that fat significantly affects cream cheese texture. Low-fat cream cheese showed a higher 
friction coefficient in tribological analysis due to the absence of fat that acts as a lubricant in cream 
cheese matrix. The microscopic images showed the compactness of cream cheese matrix with low fat 
content resulting in an increased firmness, adhesiveness, viscosity, and reduced spreadability values. 
Low-fat cream cheese (0.5% fat) resulted in a significantly higher G′ and G″ (resulted in stiff and elastic 
gels) compared to medium-fat (5.5% fat) and high-fat (11.6% fat) cream cheese. These findings 
confirmed the role of fat in cream cheese matrix and medium-fat cream cheese was chosen for further 
research due to its similar textural properties with high-fat cream cheese. Hence, the next chapter 
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focussed on incorporating fat replacers in medium-fat cream cheese. The fat replacers were chosen based 
on their other health benefits besides the role of improving the textural properties of cream cheese.  
 
Development of reduced-fat cream cheese by modifying the process and adding fat replacers: 
In the second part of the project (Chapters 4 and 5), a method to reduce the fat globule and particle size 
in reduced-fat cream cheese through homogenisation (0, 25, 100 MPa) and high shear mixing (750, 1500, 
3000 rpm for 2 and 4 min) was investigated followed by the addition of fat replacers (β-glucan and 
phytosterols). When the milk mixture was homogenised (100 MPa), the fat globule size was reduced as 
observed through particle size distribution results. However, cream cheese texture became firmer and 
less spreadable compared to cream cheese produced from un-homogenised (0 MPa) milk mixture. In 
contrast, shear mixing the curd at a higher speed resulted in a reduction of firmness and viscosity of the 
cream cheese. These results suggest that to produce softer and more spreadable reduced-fat cream cheese, 
un-homogenised milk can be used as raw material combined with shear mixing the cheese curd at 3000 
rpm for 4 min at the end of cream cheese processing.  
 
It has been reported that fat alters not only cream cheese texture but also the mouthfeel attributes such as 
smoothness and creamy mouthfeel and improves flavour release. Hence, we investigated the impact of 
replacing the fat with β-glucan and phytosterols (fat replacers) on the textural properties of reduced-fat 
cream cheese. The ability of β-glucan to bind water and as an active filler to break the casein-casein 
interaction in the cream cheese matrix greatly influences the texture and lubrication properties of cheese. 
The results suggest the potential of adding β-glucan up to 3 % (w/w) in the final cream cheese to reach a 
minimum amount of 1 g per serving that provides health benefits as per FSANZ regulation. However, 
the only drawback was the lack of lubrication properties resulting in higher friction and less spreadable 
properties. Phytosterols, obtained from the plant, were then added together with β-glucan in the 
formulation. With the addition of phytosterols (native and esterified form), the friction coefficient of 
cream cheese was reduced and resulted in a more spreadable texture. Both native (in emulsified form) 
and esterified phytosterols were added to get a 3.2 % (w/w) of phytosterols in the final reduced-fat cream 
cheese as regulated by FSANZ. However, the particle size analysis revealed the differences between PS 
ester and PS emulsion. Large particles were observed with PS emulsion resulting in a gritty cream cheese, 
while PS ester showed comparable particle size as β-glucan. These results correlated well with 
microstructure images obtained from confocal microscopy. The findings of this research suggested the 
synergistic effect of β-glucan and PS ester that helped to improve the textural attributes and sensory 
properties of reduced-fat cream cheese.        
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Investigation of dynamic changes in textural perception of reduced-fat cream cheese during oral 
processing: 
Oral processing is a dynamic process and textural perception during mastication changes over the 
duration of consumption. Incorporating β-glucan and phytosterols introduced some textural changes in 
the reduced-fat cream cheese. Therefore, it was worth investigating the effect of β-glucan and 
phytosterols during oral perception of the reduced-fat cream cheese by a sensory panel. Hence, in the 
next part of the research (Chapter 6), cream cheese with different fat levels (with and without β-glucan 
and phytosterols); MFCC, HFCC, RFCC BGPS emulsion, RFCC BGPS ester were studied for their 
changes in textural attributes during consumption by a sensory panel using TDS tool in comparison to 
that of commercial low-fat cream cheese (LFCC-EL). TDS tool allowed to record the changes in textural 
perception as perceived by trained assessors and the results showed that thickness, cohesiveness and 
smoothness were the most perceptible attributes at the beginning of consumption for cream cheese with 
fat replacers (RFCC BGPS emulsion, RFCC BGPS ester, LFCC-EL). These first sensations can be 
related with viscosity and firmness of cream cheese which is mainly due to the effect of fat replacers. 
MFCC (5.5 % fat) were less complex product, only showing mouth coating as the dominant attribute 
compared to HFCC (11.6 % fat) in which creaminess was also perceived as dominant (the highest among 
other products). The sensory results were in agreement with previous results from Chapter 5 where β-
glucan contributes to thickness and cohesiveness, while phytosterols are more effective towards 
creaminess and mouth coating sensations. In conclusion, RFCC BGPS ester exhibited a similar 
lubrication behaviour as HFCC, suggesting the ability of BGPS in improving the texture of reduced-fat 
cream cheese. The results obtained in this study also suggest that TDS profile correlated well with 
instrumental measurements. 
 
Effect of probiotic addition on textural properties of reduced-fat cream cheese during storage and its 
flavour profile: 
Apart from textural, rheological and lubrication properties of reduced-fat cream cheese, the other 
important parameter is its flavour profiles. Addition of probiotic Lactobacillus rhamnosus may help in 
improving the flavour profiles and nutrional quality of reduced-fat cream cheese. In the next part of the 
research (Chapter 7), the viability of probiotic (non-encapsulated and encapsulated form) during 
refrigerated storage (35 days) was investigated. The results revealed that L. rhamnosus in both forms 
remained viable in the range of 106-108 CFU/g after five weeks of refrigerated storage. A higher number 
of viable cells were obtained for reduced-fat cream cheese with β-glucan and PS emulsion, possibly due 
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to the presence of β-glucan as prebiotic. Although the addition of encapsulated probiotic resulted in 
firmer cream cheese, the pH and moisture content did not change significantly. This finding suggests the 
potential of functional reduced-fat cream cheese containing prebiotic (β-glucan) as a food matrix for 
supplementation of probiotic (L. rhamnosus). 
Moreover, the addition of probiotic leads to biochemical reactions resulting in the formation of 
heterogeneous compounds including flavour compounds. Therefore, flavour profile analysis of 
functional reduced-fat cream cheese (with and without probiotic) was conducted as a part of the next 
chapter (Chapter 8). From the GC-MS method using SPME, significant changes were observed 
particularly in aldehydes and ketone compounds. Reduced-fat cream cheese with probiotic L. rhamnosus 
in both forms were characterised with creamier and buttery flavour as seen with a high amount of diacetyl 
in final products. Other differences were also found related to the difference in phytosterols form 
(esterified or native). The results showed that PS ester contributed more towards the formation of fatty 
acid compounds, while cream cheese containing native PS contained a higher amount of aldehydes and 
ketones.      
 
Contributions of the research results to new knowledge 
An innovation of this study is the possibility to develop a functional reduced-fat cream cheese without 
altering the textural attributes as well as improving the flavour profiles and heathy ingredients by using 
a combination of fat replacers (β-glucan and phytosterols) and probiotic L. rhamnosus. In low-fat cream 
cheese, one major problem is the defect in texture and flavour, thus resulting in poor consumer 
acceptance. Current industrial practice and published literature have utilised vegetable gum and inulin as 
fat replacers in reduced-fat cream cheese. However, this study showed the ability of functional 
ingredients (β-glucan and phytosterols), which also act as fat replacers, to improve cream cheese texture 
especially related to lubrication, spreadability and firmness. The amount of β-glucan and phytosterols 
added are as specified in the FSANZ standard to impart health benefits. An innovative approach of 
creating phytosterols in emulsion form was developed from native phytosterol powder. This PS emulsion 
can be applied further in other dairy products such as reduced-fat yoghurt and reduced-fat milk. This 
study also provides a novel investigation of the sequential attributes in cream cheese texture during oral 
processing by using TDS tool correlating with instrumental analysis.   
 
9.2. Recommendations for future research 
In this project, reduced-fat cream cheese was made by coagulation of skim milk (1.3 % fat) which 
produced cream cheese with low-fat content (5.5 %. fat) compared to other commercial cream cheese. 
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The following studies are recommended for future research in relation to functional reduced-fat cream 
cheese: 
i. The significant role of fat in the textural properties of cream cheese can be related to its lubrication 
behaviour. However, it is recommended that further work should be done to investigate the 
interaction between fat and protein with the tribo-pair system (adhesion, physico-chemistry of the 
surfaces, viscosity) and its mechanisms related to fat texture perceptions 
ii. The presence of saliva may induce the changes in TDS profiles. Therefore, further studies are 
needed to be done by incorporating saliva in instrumental analysis. Hence, the results from TDS 
tool using a trained sensory panel can be compared with instrumental measurements. 
iii. It was challenging to incorporate probiotic L. rhamnosus in reduced-fat cream cheese, especially 
in encapsulated form. However, the protective action of alginate bead as encapsulant together with 
cream cheese matrix containing β-glucan and phytosterols on the viability of L. rhamnosus under 
simulated gastrointestinal conditions needs to be investigated further. 
iv. In the present study, the flavour profiles of functional cream cheese were assessed using GC-MS 
without sensory evaluation. Therefore, it is important that the flavour profiles reported in this study 
should be validated with a sensory evaluation using a trained panel to draw comparisons between 
human perception and the measured volatile compounds. 
v. The flavour analysis can be used as additional information towards cream cheese shelf-life during 
refrigerated storage. The current study only analysed the flavour of fresh cream cheese. Therefore, 
it is recommended to analyse the flavour of cream cheese during refrigerated storage. 
vi. Although not significantly different in the amount added, the ability of β-glucan to alter glycaemic 
index can be determined using in vitro digestion method and potentially by in vivo using an animal 
model. Moreover, β-glucan and phytosterols are also known to have health benefits in lowering 
cholesterol levels. It would be interesting to see the effect of β-glucan and phytosterols added cream 
cheeses on reducing the cholesterol levels in a human. 
